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Honorary  Members,  7 


Troy,  N.  Y.  '83 

.       3822  Delmar  Ave.,  St.  Louis,  Mo.  '83 

114  East  7tith  Street,  New  York  City.  '87 

Diinmore,  Pa.  '87 

.  Phoenix  l\oll  Works,  Pittslmrgh,  Pa.  '79 

Shamokin,  Pa.  '84 

.     1829-Kennett  Place,  St.  Louis,  Mo.  '84 

.    1829  Keniiett  Place,  St.  Louis,  Mo.  '8G 


Members,  1390 ;  Associates,  169 ;  Foreign  Members,  48. 
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deceased 

Atkins,  C.  M.,  Jr., 1885 

Arnolds,  Hugo, 1886 

Blossom,  T.  M., 1876 

Briggs,  Robert, 1882 

Brinsmade,  .J.  B 1884 

Brown,  A.  J., • 1875 

Browning,  F.  D 1885 

Brlx'kner,  Wm., 1887 

Caldwell,  W.  B.,  Jr., 1880 

Cameron,  James  R.^ 1881 

Carnegie,  Thomas  M.,  .        .        .        .    • 1886 

Chisholm,  Henry, 1881 

Clark,  Henry  G., 1881 

Clark,  William, 1884 

Clayton,  W.  S., 1886 

Clemes,  J.  p., 1876 

Converse,  James  B., 1883 

Coryell,  Martin,         ....'.' 1886 

Crocker,  William  B., 1885 

Daddow,  S.  H., 1875 

D'Aligny,  H.  F.  Q., 1875 

Davidson,  D.  R., 1884 

Da  vies,  Edw.  S., 1885 

Davis,  M.  C, .    '    .  1886 

De  Peiger,  R.  F.  J., 1883 

Dickson,  Thomas, 1884 

Dresser,  Charles  A., 1878 

Dwight,  W.  S., 1883 

Fernekes,  Anton, 1884 

Firmstone,  William, 1877 

Fisher,  Harvey 1885 

Fuller,  John  T., 1880 

Gould,  Robert  A., 1878 

Gridley,  Edward, 1887 

Griffen,  John, 1884 

Gruner,  E., 1883 

GuRLEY,  William, 1887 

Hall,  James  F., 1884 

Harnickell,  a., 1887 

Harris,  Stephen, 1874. 

Healy,  Morris, 1881 

Heinrich,  Oswald, 1886 

HoLLEY,  A.  L 1882 

HoRTON,  N.  W., 1886 

Hunt,  Joshua, 1886 

Hunt,  Thomas, 1872 

HussEY,  C.  C,         . 1884 

Hyndman,  E.  K., 1884 
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Ijjgersoll,  S.  Warren, 
Jamj>!,  Isaac  E.,    . 
Jenxey.  F.  R., 
Jerxegan,  J.  L.,     . 
Johnston,  AV.  N.,  . 
Kerr,  Prof.  W.  C, 
Lee,  W.^shington, 
Leisenring,  John, 
Liebenau,  Charles  von, 
LoiSEAU,  E.  F., 
Lord,  John  C, 

LoitENZ,  W.,    . 

Lorenz,  W.,  Jr.,    . 
Lowe,  Fr.a.ncis  A., 
McIntire,  Henry  M., 
McKee,  David, 
Mackintosh,  W.  S., 
MacMartin,  Archibald, 
Manthey,  William, 
Maury,  M.  F., 
Mickley,  J.  W.,    . 
Moore,  Charles  W., 
NrwTON,  Henry,   . 
Newton,  Isaac, 
P.vinter.  Howard, 
Park,  Jame?,  Jr., 
Phelps,  Walter,  . 
Phillips,  P.  E.,     . 
PlER-SON,  O.  H., 
Platt,  W.  G., 
Pleasants,  Henry, 
Priest,  J.  R., 
Richter,  C.  E., 
Rickard,  R.  H.,    . 
Robinson,  Thomas  W., 
Santa  Maria,  Raymun 
Say'Lor,  David  O., 
Schirmer,  J.  F.  L., 
Sohmalensee,  Carl  von, 
Schlx'hard,  Charles, 

SlCKLE-S,  T.  E., 
Siemens,  C.  William, 
SiLLiMAN,  Prof.  B., 
Smalley,  W.  a.,    . 
Steitz,  Augustus, 
Sterling,  Henry  S., 
Stinson,  John  M., 
St.  John,  I.  M.,     . 
Stoelting,  Hermann, 
Stone,  Gen.  Charles  P., 


1884 
1887 
1876 

1881 
1886 
1885 
1872 
1874 
1875 
1886 
1872 
18i«4 
1881 
1883 
1880 
1884 
1884 
1881 
1883 
1886 
1880 
1877 
1877 
1884 
1876 
1883 
1878 
1884 
1882 
1885 
1880 
1880 
1877 
1885 
1880 
1883 
1884 
1877 
1887 
1883 
1885 
1883 
1885 
1886 
1876 
1882 
1884 
1880 
1875 
1887 


DECEASED. 


Teft,  Walter, 
Thomas,  David,     . 
Thomas,  Sidney  G., 
Thompson,  Prof.  C.  O., 
Thonard,  Leon,    . 
Troilius,  M., 
Walz,  Isidor, 
Warner,  L.  E., 
W^elch,  Ashbel,    . 
Wendel,  Dr.  a.,    . 
Wheatley,  Charls;s  M. 
Whilldin,  W.  I.,   . 
Witherbee,  J.  G., 
Wood,  Wm.  J., 
Worthington,  Henry  R., 
Wright,  Harrison, 
Wrigley,  H.  E.,    . 


1885 
1882 
1885 
1885 
1886 
1886 
1877 
1884 
1882 
1881 
1882 
1882 
1875 
1885 
1880 
1885 
1882 


LIST    OF    MEMBERS    AND    ASSOCIATES    ARRANGED 
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ALABAMA. 

Aldrich,  Aldrich,  W.  F.  Annu^lon,  Noble,  C.  M..  Noble,  S.,  Noble,  S.  E.,  Tyler. 
Binninghiim,  Brainerd,  Edwards,  K.  K^  DeBardeleben,  Johnston,  A.  R,  McCiine, 
Morris,  G.  L.,  Morris,  W.  T.,  Robertson.  Sloss.  Blodon,  Cadle.  Helena,  Squire. 
Huntsville,  Moss.  Pratt  Mines,  Johns.  T\lieeliHg,  Woodward,  W.  II.  Woodstock, 
Edwards,  G.  J.,  Edwards,  T.  J. 

ARIZONA. 

Bishee,  Williams,  B.,  Williams,  L.  Fairbank,  Claypool,  W.  M.  Flagstaff,  Rior- 
dan.  GU>be,  Tripple.  Mineral  Park,  Sperr.  Silver  King,  Macy,  Walker,  A.  L. 
Tonibstone,  Cheyney,  Earle,  McCarty,  Staunton,  W.  F.,  Jr. 

ARKANSAS. 
LUtU  Rock,  Gibb. 

CALIFOR^^IA. 
Berkeley,  Christy,  Rickard,  R.  Grass  Vallty,  Abadie,  Clement.  Jackson,  Thomas, 
F.  F.  Los  Angeles,  Plater.  New  Almaden,  Jennings,  H.,  Randol.  North  Bloomfield, 
Radford.  Oa/-/an</,  Garthwaite,  Williams,  G.  F.  P/aceri-iVfe,  Crawford,  J.  J.  Provi- 
dence, Hiihn.  Quincg,  Mills,  J.  E.  San  Francisco,  Ashburner,  W^.,  Bowie,  Dewey, 
Gilson,  Holman,  Janin,  A.,  .Janin,  L.,  Keyes,  Lindgren,  Price,  T.,  Van  Blarcom, 
Webb,  li.  H.,  Williams,  J.  J.  Sulphur  Creek,  Blandy.  West  End,  Arents,  HofT- 
man.  O. 

COLORADO. 

Argo,  Pearce.  Aspen,  Hewitt,  G.  H.,  Little,  Miller,  C.  W.  Bessenter,  Jones, 
D.  N.  Ceniral  City,  Rickard,  A.,  Rogers,  A.  N.,  Rogers,  E.  M.  Colorado  Springs, 
Hagerman,  Metcalf,  O.,  Strieby,  Wishon.  Denver,  Beeger,  Browning,  Bruckman, 
Brunton,  Burlingame,  Chisolm,  Emanuel,  Ferguson,  J.  H.,  Furman,  Howell,  Kebler, 
J.  A.,  Kirby,  Mackay,  Munson,  Pearson,  J.  E.,  Shick,  Strickland,  Van  Diest,  W^ilt- 
sie,  Wolcott.  Durango,  Porter,  J.  A.  Georgetown,  Foster,  Fulton,  H.,  Graham,  F., 
Griff'en,  H.  M..  Marline.  Glenwaod  Springs,  Devereux,  Hewitt,  G.  C.  Gunnison, 
Morse,  P.  S.  Idaho  Springs,  Dumont.  ILse,  Woliston.  Leadville,  Blow,  Boehmer, 
Bray,  Bnlkley,  Bunce,  F.  G.,  Bunspn,  Chanute,  A.,  Feustman,  Fohr,  Freeland, 
Galiaher,  Keller,  H.  A.,  Moore,  C.  J.,  Morrison,  W.  W.,  Mudd,  Page,  W.  B.,  Pat- 
rick, Vezin,  Wilson,  N.  R.  Pueblo,  Appleton,  Canby,  Eddie,  Edwards,  J.  W.  Red 
Giff,  Huntington.  Red  Mountain,  Schwarz.  Rico,  Boggs,  Towne.  Silverton,  Keller, 
A.  H.,  Ihlseng,  Kingsley,  Stoiber.  South  Pueblo,  Danforth,  De  Schweinitz,  Dwight, 
Eilers,  Hahn,  O.  H.,  James,  R.,  Sticht,  R.     Telluride,  Waters. 

CONNECTICUT. 
Bridgeport,  Fletcher,  B.,  Jr.,  Pinkham.     Collimmlle,  Sears.     New  Haven,  Blake, 
T.  A.,  Blake,  F.  H.,  Blake,  W.  P..  Brush,  Du  Bois,  Wells,  H.  L.,  Whitney,  Wurts. 
Pomfret  Center,  Bradley.     Stamford,  Emery,  A.  H.,  Payne. 

DAKOTA. 
Defidwoofl,  Gross,  L.  N.,  Hammond,  W.  B.,  Northrop.     Harney,  Bailey,  G.  E. 
Rtipid  City,  Carpenter,  Davis,  F. 
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DISTRICT  OF  COLUMBIA. 
Washington,  Barber,  Bams,  Dewey,  Emmons,  Hague,  Hollerith,  Kimball,  J.  P., 
Knorr,  McLean,  Powell,  Richards,  E.,  Rosecrans,  Tavlor,  F.  W, 

GEORGIA. 

Atlanta,  Burns,  Hackett.     Hermitage,  Nichols. 

IDAHO. 

Ballwd,  Duff.  Hailey,  Jenny.  A'efc/iw/m,  Hastings,  J.  B.  ilfurrat/,  Pomeroy,  R.  A. 
Pierce  City,  Veeder. 

ILLINOIS. 

Alto  Pass,  Freeman,  H.  C.  Aurora,  Arnold,  Brown,  W.  L.,  Delano,  Enrich,  For- 
syth, W.,  Penfield,  Van  Arsdale.  Beardstown,  Wallis.  Belleville,  Block,  Hartraann, 
Powell,  W.H.,  Reinecke.  J5/oo?niV/^/on,  Perry  T.  H.  i?ke /^/anrf,  Bridgeman.  Car- 
thage. Ferris.  Champaign,  Comstock.T.  B.  Chicago,  Barratt,  Billin,  Brown,  E.  L.,  Bul- 
lock, Bnrlingham  Clark,  E.  A.  S.,  Coolidge,  Copeland,  Crerar,  Davidson,  Durkee, 
Forsyth,  R.,  Gardner,  G.  C,  Gardner,  J.  P.,  Gritzner,  Hammond,  C.  L.,  Herr,  Hickox, 
Himrod,  Holt,  Jones,  R.  R.,  Jones,  T:  D.,  Julian,  Keith,  H.  A.,  Kerr.H.  D., Kraft, 
Kriete,  Lane,  Lewis,  J.  B.,  McClure,  Merry  weather,  Mills,  F.  P.,  Morse,  J.  C,  Parkes, 
Parkhurst,  Potter,  E.  C,  Potter,  O.  W.,  Rogers,  C.  L.,  Roney,  W.  R.,  Sellers,  M.,  Stir- 
ling, Torrence,  J.  F.,  Van  Hoose,  Walker,  J.  C,  Walker,  W.  R.,  Whitcomb,  Wolfe. 
/South  Chicago,  Allen,  A.  W.,  Hollis,  McGenniss,  Mathias,  Newell,  Smith,  M. 
Cummings,  Bertolet,  Jewell.  Joliet,  Enimerton,  Fiero,  Pettigrew,  Robinson,  C.  S., 
Robinson,  T.  W.,  Smith,  H.  S.,  Treat.  LaSalle,  Engelmann,  Hegeler,  Matthiessen. 
Noble,  Henrich.  Pe?-M,  Means.  jSy^rmr/^jtW,  Crocker,  Griffiths,  Ridgely,  C.,*Ridgely> 
W.  B.,  Streator,  Cherry. 

INDIANA, 

Bloominglon,  Branner.  Clinton  Falls,  Goodsell,  Mishawaha,  Dodge.  New  Albany, 
Hahn,  L,  Keyes,  W.  D. 

KANSA.S. 
Argentine,    Allen,   Jno.    H.,   Schneider.     Marion,  Appleton,  E.  C.     Pittsburgh, 
Blow,  R.  F.     Topeka,  Allen  W.  W.,  Church,  W.  D. 

KENTUCKY. 

^.s/i?fn!f?,  Walker,  T.  B.  C/ouerpori,  Macfarlane.  Coriftf/Zon,  Breckenridge.  Man- 
nington,  Allen,  J.  H.     Olympia,  Moore,  P.  N. 

LOUISIAN.i. 

Neiv  Orleans,  Claussen,  Neil,  W.  L.,  Ordway. 

MAINE. 

Portland,  Peters,  S. 

MARYLAND. 

Annapolis,  Parrott.  Ashland,  Earnshaw,  E.  H.,  Franklin,  "W.  S.  Baltimore,  QA:\,y- 
ton,  J.  E.,  Dagron,  Glenn,  King,  F.  M.,  Tyson.  Berlin,  Purnell.  Ml.  Savage,  Cook 
R.  A,     Muirkirk,  Coffin,  C.  E.     Norlh-Ecist,  Mathieu. 
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MASSACHUSETTS. 
Boston,  Rillings,  Bnioe,  Clark,  F.  W.,  Drown,  Eustis,  Fletcher,  C.  R.,  Gogin, 
Ilixlges,  Howe,  H.  M.,  Li^ige,  Parsons,  C.  O.,  Pope,  T.  E.,  Rice,  Rioliards, 
Ellen  II.,  Kichanls,  R.  H.,  Sharpies,  Smith,  N.  B.,  Van  Slooten,  Woodward,  H. 
G.  Cambridge,  Agassiz,  Hofnian.  Gimbiidfieport,  Leavitt,  E.  D.,  Jr.  East-. 
hampfon.  Sawyer.  Fall  Biter,  Alniy.  Glenwood,  Heard.  Littleton,  Barnes,  W.  U. 
Lou-ell,  Lndlani.  yorthainpton,  Lvnian,  B.  S.  Piltsjield,  Pomeroy,  S.  H.  Boihury, 
Pearce.  Taunton,  Bartlett.  Walpole,  Peters,  E.  D.,  Jr.  Worcester,  Bildt,  Daniels, 
Forsstetlt,  Fuller,  Moen,  Morgan,  C.  H.,  Wheelock. 

MICHIGAN. 
Ann  Arbor,  Cheever,  Ea.stwood,  Pettee,  Wood,  A.  B.  Atlantic  Mine,  Van  I'assel. 
Bessemer.  Channing.  Cidumet,  Duncan,  J.,  Iloatson,  Woodbury,  L.  S.,  Wiight, 
J.  N.  Copper  Fidls,  Emerson,  B.  F.  Detroit,  Burt,  C.  S.,  Burt,  L.,  Courtis,  Jarvis, 
Plumb,  Russell,  W.  J.,  Strong.  Green/«Hrf,  Chynoweth.  Hmicocic,  CUff,  Robinson, 
Houghton,  Cooper,  J.  R.,  Edwards,  R.  M.  Iron  Birer,  Jones,  J.  T.  Iron  Mountain, 
L:irsson.  Ishpaning,  Bacon,  D.  H.  Lake  Linden,  Coggin,  Patch.  Marquette,  Cum- 
mings,  Jopling,   Wright,  C.  E.      Neicberry,   Wight.      Norway,  Janson.      Opeckee, 

Klepetko. 

MINNESOTA. 

Duluth,  Howe,  C.  F.,  Hulbert,  Lee  R.  H.     3Iinneapolis,  Crocker,  A.  L.,  Fer- 
guson, S.  T.    St  Paul,  Estabrook.     Tower,  Carter,  S.  P.,  Jr.,  Prince. 

MISSOURI. 
Bonne  Terre,  Parsons,  C.  B.,  Setz.  Crystal  City,  Elliot,  Neale.  Glasgow,  Pritchett. 
Hopewell  Furnace,  Van  Frank.  Kansas  City,  Chanute,  O.  Maryville,  Alexander,  C. 
Mine  La  Matte,  Monell,  Sanders,  J.  D.  Newburgh,  Owen.  Bolla,  Emerson,  G.  D., 
Waite.  5%o,  Lee,  W^.  H.  SpriV/^eW,  Herndon.  aS<.  Jomes,  James,  W.  St.  Louis, 
Boyle,  J.,  Jr.,  Brown,  E.  C,  Chouteau,  Crandell,  Crawford,  H.  A.,  Desloge,  Flad, 
Foote,  E.  L.,  Fusz,  Hitchcock,  E.  A.,  Holman,  M.  L.,  Howard,  E.  T.,  Howard, 
L  I.,  Howard,  T.,  Himicke,  Jackson,  Jewett,  Jndson,  Maxon,  Meachara,  Meier, 
Meister,  Murray,  C,  Nicholson,  F.,  Neustaedter,  Parker,  R.,  Potter,  W.  B.,  Ritter- 
skanip,  Robertson,  J.  D.,  Russell,  S.  B.,  Shields,  Staunton,  G.,  Sylvester,  Stockett, 
Walsh,  Wheeler,  H.  A.,  Yeatman,  Zukoski,  C.  F.,  Zukoski,  E.  L. 

MONTANA. 
./I nac/)nrfa,  Rueger.  Bannack  City,  Vierais.  i?02enian,  Wick es.  ^(/^<f,  Carson,  A. 
C,  Clark,  W.  A.,  Goodale,  Heberlein,  Ringling,  W^artenweiler,  Williams,  H. 
Fumess,  Austin,  W.  L.  Granite,  Molson,  Penrose,  Plummer,  Risque.  Helena,  Har- 
rison, Sanders,  W.  E.,  Seligman,  Wheeler,  W.  D.  Marysville,  Robinson,  G.  H. 
Neihart,  Ross.  Virginii  City,  Knight,  A.  B.  Walkerville,  Beveridge.  Wickes,  Fearis, 
Baht. 

NEBRASKA. 

Ashland,  Appleton.     Omaha,  Page,  W.  T. 

NEVADA. 

Cundelarifi,  Shockley.     Hauih'orne,  Knapp. 

NEW  HAMPSHIRE. 
Hanover,  Hit<  hcock,  C.  H.     Nashua,  Shed. 
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NEW  JERSEY. 
Allamuchy,  Ayres.  Bergen  Point,  Chadvvick.  Bloomfield,  Peele.  Boonton,  De 
Camp,  A.  H.,  Eokert,  H.  Bridgton,  Smitli,  O.,  Camden,  Graham,  J.,  Jr.  Chester, 
Evans,  Georo;e,  S.  W.,  Taylor,  W.  J.  Dover,  Bierwirth,  Canfield,  F.  A.,  George,  R., 
George,  W.  R.,  Richards,  G.,  Richards,  H.  Elizabeth,  Bonnett,  Collingvvood.Olhausen. 
Flemingfon,  Eroadhead.  Hoboken,  Stillman.  Jersey  City,  Cone,  Downs,  W.  F., 
March,  Spies,  Walker,  J.  A.  Lambertdlle,  Coryell,  T.  Lebanon,  Knox.  Morris- 
toiim,  Lacombe.  Newark,  Atha,  Colton,  C.  A.,  Stone,  G.  C.  New  Brunswick,  Cook, 
G.  H.  Orange,  Lindsley,  Williams,  F.  H.  Oxford,  Fackenthal,  J.  S.,  Scranton, 
W.  H.  Passaic,  Kent,  W.  Paterson,  Fairchild,  Johnston.  Princeton,  McCay, 
McMillan.  PhiUipsburg,  Kent,  J.  C.  jBi«.(7«;ood,  Cunningham,  J.  L.  Rosdle,  Jouei. 
Secaucus,  Fillebrown.  Stanhope,  Pardee,  I.  P.,  Searle.  Trenton,  Fisher,  C,  Slade. 
Woodbridge,  Valentine. 

NEW  MEXICO. 

Carlisle,  Humphrey,  C.     Cerillos,  Sluder.     Kelly,  Hnber.     Lake  Valley,  Iladley, 
Moorhead,  Schmidt.     Raton,  Savage.     Socorro,  Billing,  G.,  Murray,  G. 

NEW  YORK. 
Albany,  Colvin,  V.,  Corning,  E.,  Mars,  Marvin,  Randolph,  M.  Smock.  Brooklyn, 
Berry,  Hahn,  A.  G.  C,  Hale,  A.  C.,Oxnard.  Sticht,  E.,  Torrey,  D.  Buffalo,  Hodg- 
son, Smith,  T.  G.,  Williams,  R.  H.  Burden,  Norton,  S.  Catskill  Station,  Livingston . 
Clinton,  Chester.  Franklin  L-on  Works,  Smyth.  i<'(i/^o«,  Whitman.  Greraera,  Church, 
J.  B.  Hudson,  Pearson,  J.  M.  Londale,  Frink.  Ithaca,  Hiimj^hrey,  G.  S., 
Schaeffer,  Thurston,  Williams,  H.  S-  Laurel  Hill,  Herreshoff'.  Lyons  Falls, 
DeCamp,  W.  S.  Mahopac  Falls,  Case,  Cunningham,  J.  S.  New  Brighton,  Hunf, 
F.  F.,  Sands,  Thomson,  J.  L.  Newburgh.  Brooks,  T.  B.  New  York  City,  Abbott, 
Adams,  W.  H.,  Amy,  Austin,  J.  B.,  Babcock,  Bailey,  J.,  Baldwin,  Banks, 
Barnes,  O.  W.,  Bayles,  Beebe,  Benedict,  Berdell,  Bien,  Binsse,  Bleecker, 
Bogart,  Boiler,  Braem,  Braschi,  Brinsmade,  Brock,  Brown,  L.,  Bulkley,  L., 
Bush,  Butler,  Butters,  Caiman,  Canfield,  A.,  Carson,  J.  T.,  Church,  W.  S., 
Clarke,  T.  C,  Cole,  Conant,  Constable,  C,  Cooper,  E.,  Corning,  F.  G.,  Corning, 
C.  K.,  Crocker,  G.  A.,  Davis,  H.  C,  Davis,  L.  M.,  Dominick,  Dorsey,  Dudley, 
P.  H.,  Durfee,  Egleston,  Ely,  E  B.,  Emery,  C  E.,  Faber  du  Faur,  Flagler, 
Francklyn,  C,  G.,  Gardner,  G.  C,  Gorham,  Gosling,  Griswold,  C,  Plabirshaw, 
Hale,  A.  W.,  Hall,  E.  J.,  Jr.,  Hall,  R.  W.,  Halsey,  F.  A.,  Hamilton,  W.  G., 
Hammond,  J.  H.,  Hemenway,  Hewitt,  A.  S.,  Hildreth,  R.  W.,  Hildreth,  W.  E., 
Holbrook,  L.,  Hooker,  Humphreys,  A.  W.,  Ilutton,  F.  R.,  Hutton,  W.  R.,  Jane- 
way,  Janin,  H.,  Jenks,  Johnson  D.  D.,  Johnson,  I.  G.,  Kempton,  Kirch hoff, 
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LIST  OF  THE  MEETINGS  OF  THE  INSTITUTE  AND  THEIR  LOCAL- 
ITIES FROM  ITS  ORGANIZATION  TO  FEBRUARY,  1887. 
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I. 

II. 

IIL 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

XL 

XII. 

XIIL 

XIV. 

XV. 

XVL 

XVII. 

XVIII. 

XIX. 

XX. 

XXI. 

XXII. 

XXIII. 

XXIV. 

XXV. 

XXVI. 

XXVII. 

XXVIII. 

XXIX. 

XXX. 

XXXI. 

XXXII. 

XXXIII. 

XXXIV. 

XXXV. 

XXXVI. 

XXXVIL 

XXXVIII. 

XXXIX. 

XL. 

XLI. 

XLIL 

XLIII. 

XLIV. 

XLV. 

XLVL 

XLVII. 


Place.  Date. 

Wilkesbarre.  Pa.  *    ....  May,  1871,     .     . 

Rotlileliem,  Pa., August,  1871,     . 

Troy,  N.  Y., November,  1871, 

Philadelphia,  Pa.,     ....  February,  1872, 

New  Y'ork,  X.  Y'.,*  ....  May,  1872,     . 

Pittsburgh,  Pa., October,  1872, 

Hoston,  Mass February,  1873, 

Philadelpliia,  Pa.,*  ....  May,  1873,     . 

Ea.*ton,  Pa., October,  1873, 

New  Y'ork,  N.  Y".,     ....  February,  1874, 

St.  Louis,  Mo.,* May,  1874,     . 

Ilazleton,  Pa., October,  1874, 

New  Haven,  Conn.,  ....  February,  1875, 

Dover,  N.  J.,* May,  1875,     . 

Cleveland,  O., October,  1875, 

■\Va,«hington,  D.  C,   .     .     .     .  February,  1876, 

Philadelphia,  Pa.,t  ....  June,  1876,    . 

Philadelphia,  Pa.,     ....  October,  1876, 

New  Y'ork,  N.  Y.,     .     .     .     .  February,  1877, 

Wilkesbarre,  Pa.,*    ....  May,  1877,     . 

Amenia,  N.  Y., October,  1877, 

Philadelphia,  Pa.,     ....  February,  1878, 

Chattanooga,  Tenn.,*    .     .     .  May,  1878,     . 

Lake  George,  N.  Y.,  •  .     .     .  October,  1878, 

Baltimore,  Md.,* February,  1879, 

Pittsburgh,  Pa. May,  1879,     . 

Montreal,  Canada,     ....  September,  1879, 

New  Y'ork,  N.  Y.,*  ....  February,  1880, 

Lake  Superior,  Mich.,  .     .     .  August,  1880,     . 

Philadelphia,  Pa.,*   ....  February,  1881, 

Staunton,  Va., May,  1881,     .     . 

Harrisburg,  Pa., October,  1881,    . 

Washington,  D.  C.,*      .     .     .  February,  18S2, 

Denver,  Col., August,  1882,     . 

Boston,  Ma-ss.,* February,  1883, . 

Roanoke,  Va., June,  1883,    .     . 

Troy,  N.  Y., October,  1883,    . 

Cincinnati,  O.,* February,  1884, 

Chicago,  111., May,  1884,     .     . 

Philadelphia,  Pa.,     ....  September,  1884, 

New  Y'ork,  N.  Y.,     ....  February,  1885, 

Chattanooga,  Tenn.,      .     .     .  May,  1885,     .     . 

Halifax,  N.  S., September,  1885, 

Pittsburgh,  Pa., February,  1886,  . 

Bethlehem,  Pa., May,  1886.     ,     . 

St.  Louis,  Mo., October,  1886,     . 

Scranton,  Pa., February,  1887,  . 
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•  Annual  meeting  for  the  election  of  officers.    The  rules  were  amended  at  the  Chattanooga 
tneeting,  May,  1878,  changing  the  annual  election  from  May  to  February, 
t  Begun  in  May  at  Fjaston,  Pa.,  for  the  election  of  officers,  and  adjourned  to  Philadelphia. 


PUBLICATIONS. 


The  publications  of  the  Institute  comprise : 

1.  The  minutes  of  the  Proceedings  of  each  Meeting,  published  in 
pamphlet  form. 

2.  Such  of  the  papers  presented  or  read  by  title  at  each  Meeting  as 
are  furnished  by  the  authors  and  approved  by  the  Council  for  full  pub- 
lication. (In  nearly  all  cases  in  which  papers,  the  titles  of  which  appear 
in  the  Proceedings,  are  not  subsequently  published,  they  have  been  with- 
drawn by  the  a'uthors.)  These  papers  are  published  separately  in  pam- 
phlet form,  and  are  marked  "Subject  to  Revision." 

3.  Annual  volumes  of  Transactions,  containing  the  list  of  officers  and 
members,  rules,  etc. ;  the  Proceedings  and  the  papers,  revised  for  final 
publication.  (In  this  revision  after  the  preliminary  publication,  authors 
are  permitted  to  use  the  largest  liberty;  and  the  changes  and  additions 
made  in  papers  are  sometimes  important.  It  should  be  borne  in  mind, 
by  those  who  study  or  quote  a  paper  in  the  preliminary  edition,  that 
they  may  not  have  in  that  form  the  ultimate  and  deliberate  expression 
of  the  author's  views.  It  should  be  added,  however,  that  in  the  majority 
of  cases  there  is  no  essential  change,  the  correction  of  typographical 
errors  and  additions  of  later  information  being  the  usual  alterations.) 

4.  Special  editions  of  separate  papers,  for  which  there  is  demand. 
These  are  fully  revised,  and  are  usually  issued  in  pamphlet  covers. 

5.  Books.  (Under  this  head  the  only  publications  thus  far  have  been 
an  Index  to  Vols.  I.  to  X.  inclusive,  a  Glossary  of  Mining  and  Metal- 
lurgical Terms,  and  a  Memorial  of  Alexander  Lyman  Tlolley.) 

All  the  foregoing  publications  are  sent  free  to  members  and  associates 
not  in  arrears  at  the  time  of  publication.  They  are  also  for  sale  at  the 
office  of  the  Secretary,  or  are  sent  to  purchasers  by  mail  or  express, 
charges  paid,  on  receipt  of  the  price  by  the  Secretary,  as  follows : 

Classes  1  and  2,  above  mentioned, — price  not  uniform — a  small  sum, 
in  no  case  exceeding  20  cents  per  copy,  to  cover  cost  of  printing,  storage, 
clerk-hire,  postage,  etc. 

Class  3.  This  class  now  comprises  fourteen  volumes  of  Transactions,  for 
sale  as  follows  :  Vols.  I.  to  IV.,  inclusive,  at  $2  each  ;  Vols.  V.  to  VIII., 
inclusive,  at  $3  each  ;  all  other  volumes  at  $5  each,  except  Vol.  X.,  of 
which  the  supply  on  hand  is  smallest,  and  the  price  of  which  is  $10. 
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Volume  XV.  will  be  is^sued  probably  in  Juue  1887,  price  $5.  These 
prices  are  lor  paper  covers.     Halt"  morocco  binding,  $1  extra  per  volume. 

Class  4.  This  class  now  includes  "Steel  Rails"  (Papers  by  Messrs. 
Sandberg,  Dudley  and  Holley,  and  discussions  at  two  meetings  in  1881, 
from  Vol.  IX.  of  the  Transactions),  price  SI ;  "Technical  Education" 
(Papers  and  discussions  at  the  XVIIth  [Philadelphia]  meeting,  in  1876 
— mostly  not  in  the  Transactions),  price  50  cents;  "The  Law  of  the 
Apex"  (including  the  Appendix),  and  "  Lode-Locations,"  by  R.  W. 
Raymond,  price  25  cents  each  ;  Lithographic  Geological  Map  of  the 
United  States,  colored  after  the  scale  proposed  by  the  International 
Geological  Congress,  together  with  an  explanatory  and  historical  paper 
by  Prof  C.  H.  Hitchcock,  price  S1.25.  "  List  of  Members,  Rules,'etc.," 
price  "25  cents. 

Class  5.  Index  to  Vols.  I.  to  X.,  inclusive,  of  the  Transactions,  price, 
in  paper  covers,  81 ;  in  half-morocco,  $2.  (A  volume  is  now  in  prep- 
aration and  will  probably  be  issued  during  1887,  containing  the  complete 
analytical  and  alphabetical  index  of  authors,  titles  and  contents  of  Vols. 
I.  to  XV.  inclusive.  Price,  in  paper  covers,  $2,  in  half-morocco,  83.) 
"Memorial  of  Alexander  Lyman  Holley,"  in  cloth,  with  frontispiece- 
portrait,  price  81.  "Glossary  of  ^Mining  and  Metallurgical  Terms,"  by 
R.  W.  Raymond  (from  Vol.  IX.  of  the  Transactions),  in  cloth,  price  50 
cents. 

All  communications  and  remittances  should  be  addressed  to  R.  W. 
Raymond,  Secretary,  P.  0.  Box  223,  New  York  City. 


RULES 

ADOPTED  MAY,  1873.    AMENDED  MAY,  1875,  MAY,  1877,  MAY,  1878,  FEBRUARY,  1880, 
FEBRUARY,  1881,  and  FEBRUARY,  1887. 


OBJECTS. 


The  objects  of  the  American  Institute  of  Mining  Engineers  are  to  promote 
the  arts  and  sciences  connected  with  the  economical  production  of  the  useful  min- 
erals and  metals,  and  the  welfare  of  those  employed  in  these  industries,  by  means 
of  meetings  for  social  intercourse,  and  the  reading  and  discussion  of  professional 
papers,  and  to  circulate,  by  means  of  publications  among  its  members  and  associates, 
the  information  thus  obtained. 


II. 


MEMBEBSHIP. 


The  Institute  shall  consist  of  Members,  Honorary  Members,  and  Associates. 
Members  and  Honorary  Members  shall  be  professional  mining  engineers,  geologists, 
metallurgists,  or  chemists^  or  persons  practically  engaged  in  raining,  metallurgy,  or 
metall^irgical  engineering.  Associates  shall  include  all  suitable  persons  desirous  of 
being  connected  witii  the  Institute,  and  duly  elected  as  hereinafter  provided.  Each 
person  desirous  of  becoming  a  member  or  associate  shall  be  proposed  by  at  least 
three  members  or  associates,  approved  by  the  Council,  and  elected  by  ballot  at  a 
regular  meeting  upon  receiving  three-fourths  of  the  votes  cast,  and  shall  become  a 
member  oi-  associate  on  the  payment  of  his  first  dues.  Each  person  proposed  as  an 
honorary  member  sliall  be  recommended  by  at  least  ten  members  or  associates,  ap- 
proved by  the  Council,  and  elected  by  ballot  at  a  regular  meeting  on  receiving  nine- 
tenths  of  the  votes  cast ;  Provided,  that  the  number  of  honorary  members  shall  not 
exceed  twenty.  The  Council  may  at  any  time  change  the  classification  of  a  person 
elected  as  associate,  so  as  to  make  him  a  member,  or  vice  versa,  subject  to  the  ap- 
proval of  tiie  Institute.  All  members  and  associates  shall  be  equally  entitled  to  the 
privileges  of  membership ;  Provided,  that  honorary  members  shall  not  be  entitled 
to  vote  or  to  be  members  of  the  Council. 
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Any  member  or  associate  may  be  stricken  from  the  list  on  recommendation  of  tlie 
Council,  by  the  vote  of  three-fourths  of  tlie  memljei's  and  associates  present  at  any 
annual  meeting,  due  notice  having  been  mailed  in  writing  by  the  Secretary  to  the 
said  meml)er  or  sissociate. 

III. 
DUES. 

The  dues  of  members  and  associates  shall  be  ten  dollars,  payable  upon  their 
election,  and  ten  dollars  per  annum  thereafter,  payable  in  advance  at  the  annual 
meeting.  Honorary  members  shall  not  be  liable  to  dues.  Any  member  or  asso- 
ciate not  in  arrears  may  become  by  the  payment  of  one  hundred  dollars  at  one  time 
a  lile-member  or  associate,  and  shall  not  be  liable  thereafter  to  annual  dues.  Any 
member  or  associate  in  arrears  may,  at  tlie  discretion  of  the  Council,  be  deprived 
of  the  receipt  of  publications,  or  stricken  from  the  list  of  members  when  in  arrears 
for  one  year;  Provided,  that  he  may  be  restored  to  membership  by  the  Council  on 
payment  of  all  arrears,  or  by  re-election  after  an  interval  of  three  years. 


IV. 

OFFICEES. 

The  affairs  of  the  Institute  shall  be  managed  by  a  Council,  consisting  of  a  Presi- 
dent, six  Vice-Presidents,  nine  Managers,  a  Secretary  and  a  Treasurer,  who  shall  be 
elected  from  among  the  members  and  associates  of  the  Institute  at  the  annual 
meetings,  to  hold  office  as  follows  : 

The  President,  the  Secretary,  and  the  Treasurer  for  one  year  (and  no  person  shall 
be  eligible  for  immediate  re-election  as  President  who  shall  have  held  that  office 
subsequent  to  the  adoption  of  tliese  rules,  for  two  consecutive  years),  the  Vice-Presi- 
dents for  two  years,  and  the  Managers  for  three  years  ;  and  no  Vice-President  or 
Manager  shall  be  eligible  for  immediate  re-election  to  the  same  office  at  the  expira- 
tion of  the  term  for  which  he  was  elected.  At  each  annual  meeting  a  President, 
three  Vice-Presidents,  three  Managers,  a  Secretary  and  a  Treasurer  shall  be  elected, 
and  the  term  of  office  shall  continue  until  the  adjournment  of  the  meeting  at  which 
their  successors  are  elected. 

The  duties  of  all  officers  shall  be  such  as  usually  pertain  to  their  offices,  or  may 
be  delegated  to  them  by  the  Council  or  the  Institute  ;  and  the  Council  may  in  its 
discretion  require  bonds  to  be  given  by  the  Treasurer.  At  each  annual  meeting  the 
Council  shall  make  a  report  of  proceedings  to  the  Institute,  together  with  a  financial 
statement. 

Vacancies  in  the  Council  may  occur  by  death  or  resignation ;  or  the  Council  may, 
by  a  vote  of  the  majority  of  all  its  members,  declare  the  place  of  any  officer  vacant 
on  his  failure  for  one  year,  from  inability  or  otherwise,  to  attend  the  Council  meet- 
ings or  perform  the  duties  of  his  office.  All  vacancies  shall  be  filled  by  the  appoint- 
ment of  the  Council,  and  any  person  so  appointed  shall  hold  office  for  the  remainder 
of  the  term  for  which  his  predecessor  wp8  elected  or  appointed  ;  Provided,  that  the 
iaid  appointment  shall  not  render  him  ineligible  at  the  next  annual  meeting. 
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RULEP. 


Five  members  of  the  Coimcil  shall  constitute  a  quorum ;  but  the  Council  may 
appoint  an  Executive  Committee,  or  business  may  be  transacted  at  a  regularly  called 
meeting  of  the  Council,  at  which  less  than  a  quorum  is  present,  subject  to  the  ap- 
proval of  a  majority  of  the  Council,  subsequently  given  in  writing  to  the  Secretary, 
and  recorded  by  him  with  the  minutes. 


V. 

ELECTIONS. 

The  annual  election  shall  be  conducted  as  follows  :  Nominations  may  be  sent  in 
writing  to  the  Secretary,  accompanied  with  the  names  of  the  proposers,  at  any  time 
not  less  than  thirty  days  before  the  annual  meeting  ;  and  the  Secretary  shall,  not 
less  than  two  weeks  before  the  said  meeting,  mail  to  every  member  or  associate  (ex- 
cept honorary  members),  a  list  of  all  the  nominations  for  each  office  so  received, 
stamped  with  the  seal  of  the  Institute,  togetlier  with  a  copy  of  this  rule,  and  the 
names  of  the  persons  ineligible  for  election  to  each  office.  And  each  member  or 
associate,  qualified  to  vote,  may  vote,  either  by  striking  from  or  adding  to  the  names 
of  the  said  list,  leaving  names  not  exceeding  in  number  the  officers  to  be  elected,  or 
by  preparing  a  new  list,  signing  said  altered  or  prepared  ballot  witli  his  name,  and 
either  mailing  it  to  the  Secretary  or  presenting  it  in  person  at  the  annual  meeting  ; 
Provided,  that  no  member  or  associate  in  arrears  since  the  last  annual  meeting  shall 
be  allowed  to  vote  until  the  said  arrears  shall  have  been  paid.  The  ballots  shall  be 
received  and  examined  by  three  Scrutineers,  appointed  at  the  annual  meeting  by 
the  pre'iiding  officer;  and  the  persons  who  shall  have  received  the  greatest  number 
of  votes  for  the  several  offices  shall  be  declared  elected,  and  the  Scrutineers  shall  so 
report  to  the  presiding  officer.  The  ballots  shall  be  destroyed,  and  a  list  of  the 
elected  officers,  certilied  by  the  Scrutineers,  shall  be  preserved  by  the  Secretary. 


VI. 


MEETINGS. 

The  annual  meeting  of  the  Institute  shall  take  place  on  the  third  Tuesday  of 
February,  at  wliich  a  report  of  the  proceedings  of  the  Institute  and  an  abstract  of 
the  accounts  shall  be  furnished  by  the  Council.  Two  other  regular  meetings  of  the 
Institute  shall  be  held  in  each  year,  at  such  times  and  places  as  the  Council  shall 
select,  and  notice  of  all  meetings  shall  be  given  by  mail,  or  otiierwise,  to  all  mem- 
bers and  associates,  at  least  twenty  days  in  advance.  Special  meetings  may  be 
called  whenever  the  Council  sees  fit;  and  tlie  Secretary  shall  call  a  special  meeting 
on  a  recpiisition  signed  by  fifteen  or  more  members.  The  notices  for  special  meet- 
ings shall  state  the  business  to  be  transacted,  and  no  other  shall  be  entertained. 

Every  question  which  shall  come  before  any  meeting  of  the  Institute,  shall  be 
decided,  unless  otherwise  provided  by  these  Rules,  by  the  votes  of  a  majority  of 
the  members  then  present.  Any  member  or  associate  may  introduce  a  stranger  to 
any  meeting  ;  but  the  latter  shall  not  take  part  in  the  proceedings  without  the  con- 
sent of  the  meeting. 


RULES.  lix 

VIT. 

PAPERS. 

The  Council  shall  have  power  to  decide  on  the  propriety  of  communicating  to  the 
Institute  any  papers  which  may  be  receivetl,  and  they  shall  be  at  liberty,  when  they 
think  it  desirable,  to  direct  that  any  paper  read  before  the  Institute,  shall  be  printed 
in  the  Transactions.  Intimation,  when  practicable,  shall  be  given,  at  each  general 
meeting,  of  the  subject  of  the  paper  or  papers  to  be  read,  and  of  the  questions  for 
discussion  at  the  next  meeting.  The  reading  of  papers  shall  not  be  delayed  beyond 
such  hour  as  the  presiding  officer  shall  think  proper  ;  and  the  election  of  members 
or  other  business  may  be  adjourned  by  the  presiding  officer,  to  permit  the  reading 
and  discussion  of  papers. 

The  copyright  of  all  papers  communicated  to,  and  accepted  by,  the  Institute,  shall 
be  vested  in  it,  unless  otherwise  agreed  between  the  Council  and  the  author.  The 
author  of  each  paper  read  before  the  Institute  shall  be  entitled  to  twelve  copies,  if 
printetl,  for  his  own  use,  and  shall  have  the  right  to  order  any  number  of  copies  at 
the  cost  of  paper  and  printing,  provided  said  copies  are  not  intended  for  sale.  The 
Institute  is  not,  as  a  body,  responsible  for  the  statementsof  fact  or  opinion  advanced 
in  papers  or  discussions  at  its  meetings,  and  it  is  understood  that  papers  and  discus- 
sions should  not  include  matters  relating  to  politics  or  purely  to  trade. 


VIII. 

AMENDMENTS. 

These  Rules  may  be  amended  at  any  annual  meeting  by  a  two-thirds  vote  of  the 
members  present ;  Provided,  that  written  notice  of  the  proposed  amendment  shall 
have  been  given  at  a  previous  meeting;  arid  Provided,  also,  that  the  amendment  or 
amendments  so  adopted  shall  be  printed  upon  a  ballot  and  sent,  not  later  than  the 
next  distribution  of  printed  matter,  to  all  members  and  associates  not  in  arrears 
for  the  preceding  year  (except  honorary  members  and  foreign  members  elected 
before  February,  1880),  and  each  person  receiving  the  same  shall  be  requested  to 
return  it  to  the  Secretary  with  his  written  vote  of  Yes  or  No  to  each  amendment, 
and  his  signature;  and  the  President  shall  appoint  as  scrutineers  three  members  or 
associates,  who  shall  examine  all  of  the  said  ballots  which  shall  have  been  returned 
within  one  month  from  the  date  of  their  distribution,  and  siiall  report  the  result; 
and  the  Secretary  shall  pul>lish  and  distribute  to  members,  not  later  than  the  next 
distribution  of  printed  matter,  an  announcement  of  the  said  result  so  reported , 
together  with  the  text  of  the  additional  or  amended  rule  or  rules  so  adopted  ;  and 
the  amendment  or  amendments  approved  by  the  majority  of  the  ballots  so  returned 
and  reported  shall  become  part  of  these  rules  from  and  after  the  publication  of  said 
announcement  by  the  Secretary. 
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PliOCEEDINGS  OF  THE  FOIiTY-FIFTH  MEETING, 
BETHLEHEM,  PA.,  3fAY,  1886. 

LOCAL   COMMITTEES. 

General  Commillee.— John  Fritz,  Chairman;  Albert  L.  Colby,  Secretary. 

Committee  on  Excursions. — H.Stanley  Goodwin,  Chairman  ;  Charles  W.  Chapman, 
Rollin  H.  Wilbur,  H.  P.  Ilaniuan,  Frank  Ellniaker,  F.  C  Yarnall,  B.  F.  Facken- 
thal,  Jr.,  J.  C  Kent,  Captain  J.  Eudy,  John  Thomas,  I.  A.  Sweigard,  F.  Firmstone. 

Reception  Committee. — Maunsel  White,  Chairman;  Robert  Lockhart,  W.  W. 
Thurston,  Albert  L.  Colby,  Rollin  H.  Wilbur,  R.  H.  Sayre,  Jr.,  Joseph  J.  McKee, 
J.  Upton  Myers,  W.  T.  Goodnow,  Garret  L.  Hoppes,  William  B.  Myers. 

Hotel  Headquarters. — Sun  Hotel,  Bethlehem. 

The  opening  session  was  held  Tuesday  evening,  May  18th,  in  the 
Sun  Hotel  Hall.  Mr.  George  H.  Myers,  Chief  Burgess  of  Bethle- 
hem, delivered  an  eloquent  address  of  welcome,  after  an  appropriate 
acknowledgment  of  which,  President  Richards  proceeded  with  the 
Presidential  Address,  on  the  subject  of  American  Mining  Schools.* 

The  following  paper  was  presented  by  the  Secretary,  in  the  ab; 
sence  of  the  author:  Xotes  on  the  Stamp-mills  and  Chlorination 
AVorks  of  the  Plymouth  Consolidated  Gold  Mining  Company, 
Amador  Co.,  Col.,  by  George  W.  Small,  Oconomowoc,  Wis. 

The  Secretary  exhibited  and  explained  a^Wolf  benzine-burning 
safety-lamp. 

The  second  session  was  held  Wednesday  afternoon,  in  the  chapel 
of  Lehigh  University,  South  Bethlehem.  Hon.  Robert  A.  Lamber- 
ton,  LL.D.,  President  of  the  University,  welcomed  the  Institute  in 
a  graceful  address,  to  which  President  Richards  responded. 

The  following  papers  were  read  and  discussed  : 

The  Geologic  Relations  of  the  Nanticoke  Disaster,  by  C.  A.  Ash- 
burner,  Philadelphia,  Pa. 

The  Attainment  of  Uniformity  in  the  Bessemer  Process,  by  H.  M. 
Howe,  Boston,  Mass. 

Notes  on  Some  Chinese  Coals,  by  J.  C.  F.  Randolph,  New  York 
City. 

*  See  pp.  309  and  809. 
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The  President  exhibited  a  new  application  of  the  Zoetrope  for  the 
illustration  of  problems  in  crystallography,  and  presented  the  appa- 
ratus, at  the  conclusion  of  his  remarks,  to  Prof.  B.  F.  Frazier  of 
the  Lehigh  University,  who  accejjted  it  with  suitable  acknowledg- 
ments. 

The  third  session  was  held  Wednesday  evening  in  the  Sun  Hotel. 

Mr.  C.  A.  Ashburner,  at  the  request  of  the  Council,  addressed  the 
Institute  on  the  geology  of  Bethlehem  and  vicinity,  with  special 
reference  to  the  excursions  connected  with  the  meeting.  Messrs. 
Frank  Firmstone  and  R.  W.  Raymond  added  some  remarks  on  the 
same  subject. 

The  following  papers  were  read  : 

The  Economic  Geology  of  the  Bristol  and  Big  Stone  Gap  Section 
of  Tennessee  and  Virginia,  Pursuing  the  General  Course  of  the 
South  Atlantic  and  Ohio  R.R.,  by  C.  R.  Boyd,  Wytheville,  Va. 

Lode-Locations:  a  Discussion  of  Recent  Decisions  of  the  Supreme 
Court  under  the  U.  S.  Mining  Law,  by  R.  W.  Raymond,  New  York 
City. 

The  following  papers,  laid  over  from  the  Pittsburgh  meeting,  were 
read  by  title : 

The  Iron-Ores  and  Coals  of  Alabama,  Georgia,  and  Tennessee,  by 
John  B.  Porter,  Cincinnati,  Ohio. 

The  Geological  Map  of  the  United  States,  by  C.  H.  Hitchcock, 
Hanover,  N.  H. 

The  Ives  Photo-Engnaving  Process  and  its  Usefulness  to  Engineers, 
by  R.  W.  Raymond,  New  York  City. 

The  following  were  also  read  by  title : 

The  Genesis  of  Certain  Ore- Deposits,  by  S.  F.  Emmons,  Wash- 
ington, D.  C. 

The  Anticlinal  Theory  of  Natural  Gas,  by  H.  M.  Chance,  Phila- 
delphia, Pa. 

The  Geology  and  Vein-Structure  of  Southwestern  Colorado,  by 
Theodore  B.  Comstock,  Champaign,  111. 

Note  on  the  New  Chemical  Laboratory  of  the  Missouri  School  of 
Mines,  by  C.  E.  Wait,  Rolla,  Mo. 

The  Copper-Ores  of  the  Southwest,  by  Arthur  F.  Wendt,  New 
York  City. 

Notes  on  Mining  in  Oaxaca,  by  W.  A.  Hooker,  New  York  City. 

Notes  on  the  Geology  of  the  Tilly  Foster  Ore-Body,  by  Ferdinand 
S.  Ruttmann,  New  York  City. 
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Sperifie  Gravity  of  Low-Carhon  Steel,  by  F.  Lynwood  Garrison, 
riiiUulelphia,  Pa.' 

A  Sectional  Slag-  and  Matte-Pot,  by  R.  H.  Terluine,  Salt  Lake 
City,  Utah. 

A  Rapid  Method  for  the  Determination  of  Phosphorus  in  Iron, 
Steel  and  Ores,  by  F.  A.  Erainerton,  Joliet,  111. 

Colori metric  Estimation  of  ISIanganese  in  Steel,  by  Byron  W. 
Cheever,  Ann  Arbor,  Mich. 

The  Estimation  of  Manganese  in  Iron  and  Steel  by  the  Color- 
Method,  by  Alfred  E.  Hunt,  Pittsburgh,  Pa. 

The  Dnnnachie  Regenerative  Kiln  for  Fire-brick,  by  Thomas 
Egleston,  New  York  City. 

A  Sectional  Hanging-Pipe  Hot-Blast  Oven,  by  Arthur  F.  Wendt, 
New  York  City. 

Mexican  Weights  and  Measures,  by  Richard  E.  Chisra,  Saltillo, 
Coahuila,  Mexico.* 

The  Action  of  Dilute  Acids  on  Certain  Varieties  of  Fused  Sul- 
phide of  Iron,  by  Edward  Hart,  Lafayette  College,  Easton,  Pa. 

The  Secretary  announced,  by  direction  of  the  Council,  the  follow- 
ing amendment  to  the  rules,  to  be  acted  upon  at  the  next  annual 
meeting : 

Add  to  Rule  VIII.  the  following  words : 

"  And  provided  also  that  the  amendment  or  amendments  so  adopted 
shall  be  printed  upon  a  ballot  and  sent,  not  later  than  the  next  dis- 
tribution of  printed  matter,  to  all  members  and  associates  not  in  ar- 
rears for  the  preceding  year  (except  honorary  members  and  foreign 
members  elected  before  February,  1880),  and  each  person  receiving 
the  same  shall  be  requested  to  return  it  to  the  Secretary  with  his 
written  vote  of  Yes  or  Xo  to  each  amendment,  and  his  signature; 
and  the  said  ballots  shall  be  preserved  and  counted  at  the  next  fol- 
lowing meeting  of  the  Institute  in  like  manner  as  provided  by  Rule 
V.  for  the  election  of  officers;  and  the  amendment  or  amendments 
approved  by  the  majority  of  members  and  associates  so  voting  shall 
become  part  of  these  rules  from  and  after  the  announcement  of  the 
result  of  the  said  balloting  by  the  scrutineers." 

The  following  gentlemen  proposed  as  members  and  associates  and 
recommended  by  the  Council,  were  elected  : 

*  See  also  correction  of  this  paper,  p.  588  of  this  volume. 
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Allen,  Walter  W., 
Baker,  David, 
Bennetts,  Francis, 
Bonzano,  Adolphus, 
Bowman,  Harry  L., 
Boyd,  Horace, 
Brown,  T.  Forster, 
Claudet,  Arthur  C  , 
Cole  Eugene  M, ,  . 
Dalton,  George,    . 
Dewees,  William  H., 
Disstou,  Thomas  S., 
Eddie,  Edward  C, 
Eyerman,  John,  . 
Foote,  William  B.., 
Goodsell,  George  H. , 
Hahu,  Dr.  George, 
Haldeman,  H.  L. , 
Hastings,  John  B., 
Jenkins,  George,  . 
Jones,  Clemens,    . 
Kerr,  David  G.,  . 
Lee,  Charles  T.,  . 
Lehman,  George  M., 
Mitchell,  Eobert, 
Moorhead,  James  A., 
Kicholson,  David  K., 
Palacio,  Miguel  E., 
Pope,  Thomas  E., 
Potts,  Joseph  D. , 
Potts,  WiUiamM.,. 
Purnell,  Francis  H. ,. 
lihodes,  Kobert  D. , 
Bice,  George  S.,  . 
Both,  William  S., 
Savage,  Edward  G. , 
Schmalensee,  Carl  von 
White,  Maunsel,  . 
Wilkins,  Ross,     . 
Wolle,  Hartley  C, 
Wood,  E.  Frederick, 


MEMBERS. 

.  Topeka,  Kansas. 

.  Steelton,  Pa. 

.  Lenoxville,  Canada. 

.  Phoenixville,  Pa. 

.  Bethlehem,  Pa. 

.  Hellertown,  Pa. 

.  Cardiff,  S.  AYales. 

.  London,  England. 

.  New  York  City. 

.  Headingley,  Leeds,  Eng. 

.  Philadelphia,  Pa. 

.  Tacony,  Pa. 

.  South  Pueblo,  Col. 

.  Easton,  Pa. 

.  Georgetown,  Col. 

.  Clinton  Falls,  Ind. 

.  New  York. 

.  Chickies,  Pa. 

.  Ketchum,  Idahd 

.  Bethlehem,  Pa. 

.  Hokendauqua,  Pa. 

.  Wilkinsburg,  Pa. 

Boston,  Mass. 

.  Philadelphia,  Pa. 

.  Lebanon,  Pa. 

.  Lake  Valley,  New  Mexico. 

.  Steelton,  Pa. 

.  Guayana,  Venezuela. 

.  Boston,  Mass. 

.  Philadelphia,  Pa. 

.  Barnes  ton.  Pa. 

.  Berlin,  Maryland. 

.  Wickes,  Montana. 

.  Georgetown,  Col. 

.  Allentown,  Pa. 

.  Baton,  New  Mexico. 

.  Lebanon,  Pa, 

.  Bethlehem,  Pa. 

.  Ilarrisburg,  Pa. 

.  Bethlehem,  Pa. 

.  Pittsburgh,  Pa. 


Burlingham,  Charles  L  , 
Frazer,  Frederick, 
Gamble,  H.  D. .    . 
Luckeubach,  Charles  A., 


ASSOCIATES. 

.  Chicago,  111. 

.  Syracuse,  N.  Y. 

.  Pittsburgh,  Pa. 

.  South  Bethlehem,  Pa. 
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McKinney,  T\obert  C. , 
Morris,  George  L. , 
Morris,  William  T. ,     . 
Pope,  James  E,  . 
Pope,  Thomas  J., 
Squire,  Charles  B  , 
Strong,  M.  II.,     . 
Wilbur,  K.  II.,    . 
Wister,  Franeis,  . 


Hamilton,  O. 
Bifiningham,  Ala. 
Birmingham,  Ala. 
Xew  York  City. 
New  York  Cit}'. 
Jersey  City,  N.J. 
Deti-oit^Mich. 
South  Bethlehem ,  Pa. 
Philadelphia,  Pa. 


Mr.  R.  W,  Hiklreth,  associate,  was,  upon  the  recnminencTation  of 
Council,  niaile  a  member. 

The  fourth  and  concluding  session  was  held  on  Thursday  after- 
noon, in  the  limestone  cave  at  Durham  Iron  Works,  Riegelsville, 
Pa.,  when  tiie  following  paper  was  read  and  discussed  : 

Comparisons  of  Blast-Furnace  Records,  by  John  Birkinbine, 
Philadelpiiia,  Pa. 

On  motion  of  Mr.  John  Birkinbine,  the  Secretary  was  instructed 
to  express  to  the  citizens  and  corporation  of  Bethlehem  and  vicinity 
and  to  the  Local  Committee,  the  thanks  of  the  Institute  for  courte- 
sies extended  to  its  members  and  associates,  and  for  the  generous 
and  efficient  arrangements  made  for  their  comfort  and  entertain- 
ment. 

St.  Louis,  ^lo.,  was  announced  as  the  place  of  the  next  meeting. 

The  President  then  declared  the  meeting  adjourned. 


Excursions  and  Entertainments. 

Wednesday  morning,  May  19,  was  occupied  with  visits  to  the 
works  of  the  Bethlehem  Iron  Company,  and  the  Lehigh  Zinc  and 
Iron  Company. 

On  Wednesday  afternoon,  before  the  session,  oj)portunity  was 
given  for  the  inspection  of  the  beautiful  grounds  and  buildings, 
library,  laboratories,  and  collections  of  the  Lehigh  University. 

Thursday  morning,  May  20,  the  members  and  guests,  amounting 
to  about  200  in  number,  were  conveyed  by  special  train  of  the  Lehigh 
Valley  R.R.  Co.  to  Glendon  Iron  Works,  Glendon,  Pa.,  and  An- 
dover  Iron  Works,  Pbillipsburg,  N.  J.,  at  each  of  which  places  they 
were  hospitably  received  and  conducted  through  the  works.  From 
Phillipsburg  the  train  proceeded  southward  over  the  Belvideredivi- 
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sion  of  the  Pennsylvania  R.R.  about  ten  miles,  to  Durham  Siding, 
opposite  the  Durham  Iron  Works  of  Messrs.  Cooper  &  Hewitt. 
Here  the  party  was  transferred  to  open  cars,  which  were  ferried 
across  the  Delaware  to  the  works.  After  a  luncheon  served  in  the 
open  air,  and  an  inspection  of  the  blast-furnace,  a  session  was  held 
for  the  reading  and  discussion  of  papers  in  the  "Durham  Cave," 
once  a  famous  object  of  curiosity,  and  still,  although  much  reduced 
by  quarrying  operations,  large  enough  to  accommodate  a  consider- 
able audience.  During  the  progress  of  the  session,  photographs 
were  taken  of  the  picturesque  scene,  and  a  copy  was  promised  as  a 
souvenir'  to  each  person  present.  Upon  tiie  adjournment  of  the 
meeting,  the  party  embarked  in  boats  upon  the  Delaware  division  of 
the  Lehigh  canal,  and  enjoyed  a  pleasant  voyage  of  about  seven 
miles  through  romantic  and  varied  scenery  to  Milford,  where  the 
river  was  crossed  by  the  bridge,  and  the  train  was  reached  for  re- 
turn by  rail  to  Bethlehem. 

Thursday  evening,  a  magnificent  and  delightful  reception  was 
given  by  the  citizens  of  Bethlehem  in  the  spacious  gymnasium  of 
Lehigh  University,  which  was  successfully  transformed  for  the 
occasion  so  as  to  fulfil  with  remarkable  perfection  the  purposes  of 
ball-room  and  banquet-hall. 

Friday  morning  a  very  interesting  excursion  was  made  via  Lehigh 
Valley  R.R.,  to  the  Thomas  Iron  Company's  furnaces  at  Hoken- 
dauqna,  and  over  the  Catasauqua  and  Fogelsville  R.R.  to  the  iron- 
ore  mines  of  the  Thomas  Iron  Co.  at  Rittenhouse  Gap,  returning  to 
Bethlehem  for  dinner. 

Friday  afternoon.  Chapman's  slate-quarries,  Bangor,  and  Wind 
Gap  were  visited,  via  Lehigh  and  Lackawanna  R.R. 

A  large  number  of  members  and  guests  remained  for  the  trip  on 
Saturday,  via  North  Penn  branch  of  the  Philadelphia  and  Reading 
R.R.,  to  Bingen  and  the  famous  Friedensville  zinc-mines,  where  the 
great  pumping-engine,  "The  President,"  was  inspected. 

With  the  exception  of  a  brief  thunder-storm  on  Thursday  even- 
ing, the  weather  was  favorable  throughout  the  meeting. 

Members  and  Associates  Present. 

The  following  names  were  registered  on  the  Secretary's  list  at 
headquarters.  It  is  believed  that  many  members  and  associates, 
stopping  at  other  hotels,  or  with  friends,  omitted  to  register  their 
names. 
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A.  T.  Abbott. 
Rolvrt  Allison. 
Charles  A.  Asbburner. 
W.  S.  Ayros. 

F.  E.  Bachnmn. 
Stephen  AV.  Baldwin. 
J.  C.  Bayles. 
Alfred  L.  Beebe. 
John  Birkinbine. 
Adoli^hus  Bouzano. 
C.  R.  Boyd. 
Henry  X.  Brinsmade. 
George  Brooke. 
Henry  W.  Bulkley. 
Howard  H.  Bnrden. 
S.  H.  Chauvenet. 
John  B.  Church. 
Charles  E.  Coffin. 
W.  B.  Cogswell. 
Edgar  S.  Cook. 
T.  Coryell. 
W.  E.  C.  Coxe. 
George  C.  Davies. 
Thomas  S.  Disston. 
John  C.  Dods. 
T.  M.  Drown. 
^y.  F.  Durfee. 
E.  H.  Earnshaw. 
AV.  E.  C.  Eustis. 

B.  F.  Fackenthal,  Jr. 

E.  M.  Ferguson. 

F.  Firmstone. 
n.  H.  Fisher. 
"William  C.  Frick. 
J.  Fritz. 

John  Fulton. 

H.  Van  F.  Furman. 

E.  G.  Gaertner. 

F.  L.  Garrison. 
John  L.  Gill,  Jr. 
H.  S.  Goodwin. 
H.  C.  Grittinger. 
Baird  Ilalberstadt. 
Edward  B.  Harden. 
John  H.  Harden. 
E.  P.  Hemenway. 

G.  C.  Henning. 
H.  D.  Hibbard. 
L.  Holbrook. 


II.  M.  Howe. 
AVilliam  H.  Hulick. 
Joseph  Hunt. 
E.  S.  Hutchinson. 
J.'  E.  Johnson. 
Thomas  D.  Jones. 
"William  R.  Jones. 
R.  Kent. 
"NVilliam  Kent. 
C.  F.  King. 
C.  Kirchhoif,  Jr. 
AV.  B.  Kunhardt. 
Edward  K.  Landis. 

E.  D.  Leavitt,  Jr. 
A.  E.  Lehman. 
George  M.  Lehman. 
J.  F.  Lewis. 
William  Lilly. 

R.  C.  Luther. 
Andrews.  McCreath. 
Edward  M.  Mcllwain. 
J.  B.  Mackintosh. 
Edwin  Mickley. 
P.  N".  Moore. 
Henry  G.  Morris. 
AV.  F.  Morris. 
AA^.  G.  Neilson, 
R.  Van  A.  Norris, 
J.  H.  Olhausen. 
I.  P.  Pardee. 
R.  P.  Patterson. 
Enoch  Phillips. 

F.  E.  Piatt. 
J.  N.  Pott. 

John  C.  F.  Randolph. 

R.  AV.  Raymond. 

Ellen  H.  Richards. 

Robert  H.  Richards. 

L.  A.  Riley. 

C.  Henry  Roney. 

C.  J.  Roney. 

R.  P.  Rothwell. 

H.  J.  Seaman, 

A.  AAT.  Sheafer. 

^V.  L.  Sheafer. 

P.  AV.  Shimer. 

J.  M.  Silliman. 

Fred.  J.    Slade. 

E.  G.  Spilsbury. 
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Edward  E.  Stetson. 
P.  A.  Taylor. 
W.  J.  Taylor. 
Geor2;e  E.  Thackray. 
D.  H.  Thomas. 
Edwin  Thomas. 
John  Thomas. 
Eobert  M.  Thompson. 
David  Townsend. 


J.  Viennot. 
J.  D.  Weeks. 
Francis  E.  Weston. 
S.  B.  Whiting. 
S.  T.  Williams. 
John  F.  Wilcox. 
William  Wiley. 
N.  B.  Wittman. 


PBOCEEDINOS  OF  THE  FOETY-SIXTH  MEETING, 
ST.  LOUIS,  OCTOBEB,lSSQ. 

LOC.\L  COMMITTEE. 

Prof.  W.  B.  Potter,  Chairman  ;  Eliot  C.  Jewett,  Secretary  ;  C.  Alexander,  H.  W. 
C.  Block,  S.  F.  Burnett,  Pierre  Chouteau,  Fred.  A.  Churchill,  H.  A.  Crawford,  O. 
Chanute,  E.  C.  Darley,  John  M.  Desloge,  M.  P.  Elliott,  G.  D.  Eninierson,  C.  W. 
Eofj;  O.  B.  Filley,  F.  L.  Foote,  Paul  Fusz,  J.  P.  Gazzam,  C.  E.  Hall,  O.  D.  Harris, 
A.  Hartman,  E.  L.  Herndon,  E.  A.  Hitchcock,  Amos  HofFer,  L.  J.  Howard,  Thomas 
Howard,  H.  A.  Hunicke,  E.  F.  Jackson,  W.  James,  J.  N.  Judson,  James  E.  Kinealy, 
W.  H.  Lee,  J.  H.  Maxon,  John  W.  Meier,  Herman  Meister,  J.  J.  McDowell,  J.  T. 
Monell,  George  F.  Neale,  James  W.  Neill,  F.  G.  Niedringhaas,  W.  F.  Neidring- 
haus,  J.  K.  D.  Owen,  W.  R.  Painter,  Don  McN.  Palmer,  Russell  Parker,  G.  W. 
Parker,  Charles  B.  Parsons,  W.  H.  Powell,  Conrad  Reinecke,  L.  H.  Ritterskarap, 
S.  B.  Russell,  J.  D.  Sanders,  Gustav  Setz,  Phil.  Van  Frank,  C.  E.  Wait,  E.  Walsh, 
Jr.,  Merrill  Watson,  H.  A.  Wheeler,  E.  L.  Zukoski,  A.  M.  Wilcox. 

Hotel  Headquarters,  Southern  Hotel. 

An  informal  reception  was  given  Tuesday  evening,  October  12tli, 
from  8  to  9  p.m.,  at  the  St.  Louis  Museum  of  Fine  Arts  Lucas 
Place  and  l9th  Street. 

The  opening  session  was  held  at  9  p.m.  in  the  Memorial  Hall,  of 
the  Museum.  Prof.  Potter,  Chairman  of  the  Local  Committee, 
called  the  meeting  to  order,  and  introduced  Mr.  E.  P.  Francis, 
Mayor  of  St.  Louis,  who  welcomed  the  Institute  to  the  city  in  an 
appropriate  address,  to  which  President  Pichards  replied. 

A  paper  on  the  The  Geologic  Distribution  of  Natural  Gas  in  the 
United  States  was  read  by  C.  A.  Ashburner,  Philadelphia,  Pa. 

The  second  session  was  held  Wednesday  morning,  at  the  Southern 
Hotel.  Tlie  following  pai)ers  were  read  by  the  authors  and  dis- 
cussed : 

The  Irregularities  of  the  Plast-Furnace  Process,  and  a  Practical 
Way  to  Avoid  Them,  by  Edward  Walsh,  Jr.,  St.  Louis,  Mo. 

Indicative  Plants,  by  R.  W.  Raymond,  New  York  City. 
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The  third  session  was  held  Wednesday  afternoon  at  the  Southern 
Hotel.  Tlie  following  jvapers  were  read  \iy  the  authors  and  dis- 
cussetl : 

The  Use  of  Natural  Gas  in  a  Lead  Blast-Furnace,  by  F.  C. 
Blake,  Mansfield  Valley,  Pa. 

The  following  papers  were  read  by  the  Secretary  in  the  absence 
of  the  authors: 

The  Diamond  Mines  of  South  Africa,  by  Gardner  F.  "Williams, 
Oakland,  Cal. 

An  Improvement  in  Apparatus  for  the  Manufacture  of  Sulphuric 
Acid,  by  W.  H.  Adams,  Xew  York  City. 

Large  Charges  vs.  Small  Charges  at  Warwick  Furnace,  by  Edgar 
S.  Cook,  Pottstown,  Pa. 

Note  on  the  Opening  of  a  Chilled  PTcarth  with  the  Coal-Oil 
Blowpipe,  by  R.  H.  Lee,  Jr.,  Lewistown,  Pa. 

The  Geological  INIap  of  the  United  States,  by  Prof.  C.  H.  Hitch- 
cock, Hanover,  N.  H.  (Illustrated  by  the  exhibition  of  the  map, 
lithographed  in  colors,  according  to  the  color-scheme  of  the  Inter- 
national Congress.) 

Titanium  Carbide  in  Pig  Iron,  by  Porter  W.  Shimer,  Easton, 
Pa.  (Illustrated  with  samples  in  powder  and  on  microscopic 
slides.) 

The  concluding  session  was  held  Wednesday  evening  at  the 
Southern  Hotel. 

The  following  persons  recommended  by  the  Council  to  be  mem- 
bers or  associates,  were  unanimously  elected  : 


MEMBERS. 


Richard  F.  Blow,     . 
Charles  P.  Bonnett, 
John  Y.  Boyd, 
E.  C.  Brown,    . 
J.  A.  Burns, 
Samuel  P.  Carter,  .Jr., 
Lee  S.  Clvmer, 
Charles  Connor, 
George  G.  Con  vers,  . 
C.  R.  Corning, , 
William  S.  Cortright, 
J.  D.  Crabb,      . 
W.  R.  Crandall, 
Fred.  A.  Delano, 


Pittsburgh,  Kansas. 
Elizabeth,  N.  J. 
Ilarrisburg,  Pa. 
St.  Louis,  Mo. 
Atlanta,  Ga. 
Tower,  Minn. 
Reading,  Pa. 
Robertsdale,  Pa. 
Bethlehem,  Pa. 
New  York  City. 
Bethlehem,  Pa. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
Aurora,  111. 
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Giles  J.  Edwards, 
Thos.  J.  Edwards, 
A.  W.  Fiero,    . 
L.  Gilson, 
Walter  Graham, 
Dunbar  F.  Haasis, 
J.  B.  F.  Plerreshoff, 
H.  C.  Hill,       . 
W.  D.  Holmes, 
Thomas  Howard, 
Charles  F.  Howe, 
Henry  D.  Kerr, 
Washington  D.  Keyes, 
Walter  E.  Koch, 
William  H.  Lee, 
William  W.  Morrison, 
J.  S.  Moyer,     . 
William  F.  Patrick, 
James  B.  Pierce, 
Alfred  H.  Kead, 
David  Beeves. 
Jose  D.  Eestrepo, 
Charles  S.  Robinson, 
Kurt  Sorge, 
Robert  Henry  Stoddf 
James  C.  Warner, 
Thomas  J.  Waters,  - 
Ellwood  J.  Wilson, 


F.  M.  Barber,  . 
John  Boyle,  Jr., 
Walter  C.  Brace, 
R.  K.  Edwards, 
Edward  Flad,  . 
M.  L.  Holman, 
Edw.  T.  Howard,     . 
R.  D.  O.Johnson,     . 
John  E.  Kraft, 
Edward  C  Meacham, 
James  M.  Patrick,    . 
C.  W.  Pritchett,  Jr., 
James  Robertson, 
A.  J.  Schropp, . 
Jolin  Scullier,  . 
William  II.  Shields, 
Noah  B.  Smith, 
George  W.  Ware,     . 
Thomas  J.  Whitman, 
H.  G.  Woodward,     . 
Charles  S.  Zukoski,  . 


Woodstock,  Ala. 
Henryellen  Mines,  Ala. 
Joliet",  111. 
San  Francisco,  Cal. 
Chattanooga,  Tenn. 
Parral,  Mexico. 
Laurel  Hill,  L.  I.,  N.  Y. 
Salt  Lake  City,  Utah. 
Cincinnati,  Ohio. 
St.  Louis,  Mo. 
Ishpeming,  Mich. 
Niles,  Ohio. 
New  Albany,  Ind. 
Pittsburgh,  Pa. 
St.  Louis,  Mo. 
Leadville,  Col. 
Bethlehem,  Pa. 
Leadville,  Col. 
Sharpsville,  Pa. 
Pittsburgh,  Pa. 
Philadelphia,  Pa. 
New  York  City. 
Lake  Linden,  Mich. 
Osnabriick,  Prussia. 
Wright's  Grove,  111. 
Nashville,  Tenn. 
Duneden,  New  Zealand, 
Red  Bluff,  Montana. 


ASSOCIATES. 


Washington,  D.  C. 
St.  Louis,  Mo. 
Boston,  Mass. 
Birmingham,  Ala. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
Chicago,  111. 
St.  Louis,  Mo. 
Denver,  Col. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
Bethlehem,  Pa. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
Washington,  D.  C. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
Boston,  Mass. 
St.  Louis,  Mo. 
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The  followinsr  associates  were  made  members 


E.  J.  II.  Amv, 
Fred.  P.  Beiuis, 

F.  W.  Huntingdon, 
C.  A.  Luckenbach, 
C   B.  Parsons,  . 


Diirango,  Col. 
Bannock  City,  Montana. 
Ked  Cliff,  Col. 
Catasanqna,  Pa. 
Bonne  Terre,  Mo. 


The  Secretary  announced  the  following  amendments  to  the  Rules, 
proposed  by  the  Council  for  action  at  the  next  annual  meeting: 

Amend  Rule  III.  to  read  as  follows:  "The  dues  of  members  and 
a.ssociates  shall  be  ten  dollars,  payable  upon  their  election,  and  ten 
dollai-s  per  annum  thereafter,  payable  in  advance  at  the  annual  meet- 
ing. Honorary  members  shall  not  be  liable  for  dues.  Any  member 
or  a.ssociate  not  in  arrears  may  become,  by  the  payment  of  one  hun- 
dred dollars  at  any  one  time,"  etc.,  etc.  (the  remainder  of  the  rule 
to  stand  unaltered). 

Amend  Rule  VIII.  as  follows :  The  Council  having  proposed  at 
the  Bethlehem  meeting,  May,  1886,  an  amendment  to  Rule  VIII., 
consisting  in  the  addition  of  the  following  words: 

"  And  provided  also  that  the  amendment  or  amendments  so  adopted 
shall  be  printed  upon  a  ballot  and  sent,  not  later  than  the  next  dis- 
tribution of  printed  matter,  to  all  members  and  associates  not  in  ar- 
rears for  the  preceding  year  (except  honorary  members  and  foreign 
meml:)ers  elected  before  February,  1880),  and  each  person  receiving 
the  .same  shall  be  requested  to  return  it  to  the  Secretary  with  his 
written  vote  of  Yes  or  No  to  each  amendment,  and  his  signature  ; 
and  the  said  ballot  shall  be  preserved  and  counted  at  the  next  fol- 
lowing meeting  of  the  Institute  in  like  manner  as  provided  by  Rule 
V.  for  the  election  of  officers;  and  the  amendment  or  amendments 
approved  by  the  majority  of  members  and  associates  so  voting  shall 
become  part  of  these  rules  from  and  after  the  announcement  of  the 
result  of  the  said  balloting  by  the  scrutineers  ;  "  it  is  now  proposed 
to  amend  the  above  amendment,  by  striking  out  all  after  the  words 
"after  his  signature,"  and  substituting  the  following  words  : 

"  And  the  President  shall  appoint  as  scrutineers  three  members 
or  as.sociates,  who  shall  examine  all  of  the  said  ballots  which  shall 
have  been  returned  within  one  month  from  the  date  of  their  distri- 
bution, and  shall  report  the  result ;  and  the  Secretary  shall  publish 
and  distribute  to  members,  not  later  than  the  next  distribution  of 
printed  matter,  an  announcement  of  the  .said  result  so  reported,  to- 
gether with  the  text  of  the  additional  or  amended   rule  or  rules  so 
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adopted  ;  and  the  amendment  or  amendments  approved  by  the  ma- 
jority of  the  ballots  so  returned  and  reported  shall  become  part  of 
these  rules  from  and  after  the  publication  of  the  said  announcement 
by  the  Secretary." 

After  the  unanimous  adoption  of  a  resolution  instructing  the 
Secretary  to  express  to  the  several  citizens  and  corporations  of  St. 
Louis  and  vicinity  the  thanks  of  the  Institute  for  courtesies  and 
hospitalities  tendered,  the  following  papers  were  read  by  the  authors: 

The  Condition  of  Silver  in  a  Sample  of  Litharge,  by  Prof.  C  E. 
Wait,  Rolla,  Mo. 

Two  Conditions  of  Phosphorus  in  Iron,  by  Prof.  B.  W.  Cheever, 
Ann  Arbor,  Mich. 

Recent  Developments  at  Iron  Mountain,  Mo.,  by  Prof.  W.  B- 
Potter,  St.  Louis,  Mo. 

Russell's  Improved  Process  for  Lixiviating  Silver-Ores,  in  its 
Practical  Application,  by  C.  A.  Stetefeldt,  New  York  City. 

Sierra  Mojada,  INIexico,  by  R.  E.  Chisra,  Saltillo,  Coahuila. 

Tests  of  Manganese  Steel,  by  Joseph  D.  Weeks,  Pittsburgh,  Pp,. 

The  Dunnachie  Continuous  Regenerative  Gas-kiln  for  Burning 
Fire-Brick,  Pottery,  etc.,  by  Prof  T.  Egleston,  New  York  City. 

Mining  Engineering  at  the  University  of  Illinois,  by  Dr.  Theo- 
dore B.  Comstock,  Champaign,  111. 

EXCUESIONS   AND    ENTERTAINMENTS. 

Thursday,  October  14th,  was  occupied  with  a  most  interesting  ex- 
cursion over  the  St.  Louis,  Iron  Mountain  and  Southern  Railroad. 
A  special  train,  starting  at  7  a.m.,  carried  the  party  to  Summit, 
whence  another  train,  on  the  railroad  belonging  to  the  St.  Joseph 
Lead  Co.,  conveyed  it  to  the  lead-mines  and  works  at  Bonne  Terre. 
After  examining  these,  the  excursionists  were  hospitably  entertained 
at  luncheon  by  the  Company,  and,  returning  to  Summit,  pursued 
their  journey  to  the  famous  iron-mines  of  Iron  Mountain  and  Pilot 
Knob.  At  Arcadia,  near  the  latter  place,  supper  was  served,  and 
the  party  retuned  to  St.  Louis  in  the  evening. 

Friday,  October  15th,  was  occupied  with  visits  to  various  works 
and  points  of  interest  in  and  about  St.  Louis,  including  the  Works 
of  the  Mississipj)i  Glass  Co.,  the  St.  Louis  Smelting  and  Refining 
Works,  The  Evans  &  Howard  Fire-Brick  Co.,  the  Shaw  Botanical 
Garden,  the  parks  and  reservoirs,  etc. 

On  Friday  evening,  a  subscription  dinner  took  place  at  the 
Southern  Hotel. 
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On  Saturday,  October  IGtli,  a  largo  party  enjoyed  the  excursion 
by  steamer  on  the  Mississippi  to  Crystal  City,  where  the  quarries 
and  works  of  the  Crystal  Plate  Glass  Co.,  were  inspected.  The  U. 
S.  Government  operations  for  the  improvement  of  the  new  banks 
were  visible  en  route.  On  the  return  voyage  an  elaborate  banquet 
was  serveil  on  board  the  steamer. 

A  reception  at  the  University  Club,  on  Satuitlay  evening,  con- 
cludetl  the  social  festivities  of  the  meetins:. 


Members  and  Associates  Present. 
Of  the  members,  associates,  and  guests  in  attendance  at  the  meet- 


ing, the  following  were  register 


J.  p.  H.  Allen, 
Charles  A.  Ashburner, 
F.  E.  Bacliman, 
W.  E.  Barnes,  . 
Francis  C.  Blake,     . 
H.  A.  Boyd.     . 
John  Boyle,  Jr., 
E.  C.  Brown,     . 
M.  C.  Bullock, . 
Byron  W.  Cheever, . 
Pierre  Chouteau, 
Frederick  A.  Churchill, 
W.  B.  Cogswell, 
Theodore  B.  Comstook, 
Hugh  A.  Crawford,  . 
M.  C.  Davis,     . 
John  M.  Desloge,    . 
George  D.  Emerson, 
A.  E.  Foote, 
Emerson  L.  Foote,  . 
Edward  Flad,  . 
Henry  C.  Freeman,  . 
William  C.  Frick,    . 
George  C.  Gardner, . 
Joseph  P.  Gazzam,  . 
E.  A.  Hitchcock, 
A.  F.  Hoffer,    . 
Edwin  T.  Howard,   . 
Laclede  J.  Howard, . 
August  Hunicke, 
Eliott  C.  Jewett, 
Keno  De  O.  Johnson, 
Washington  Jones,  . 
C.  Kirchhoff,  Jr.,     . 
W.  H.  Lee,       . 


ed  at  headquarters : 


Mannington,  Ky. 
Philadelphia,  Pa. 
Middletown,  Pa. 
St.  Louis,  Mo. 
Pittsburgh,  Pa. 
McKeesport,  Pa. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
Chicago,  111. 
Ann  Arbor,  Mich. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
Syracuse,  N.  Y. 
Champaign,  111. 
St.  Louis,  Moi 
Pittsburgh,  Pa. 
De  Lassus,  Mo. 
Eolla,  Mo. 
Pliiladelphia,  Pa. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
Alto  Pass,  111. 
Danville,  Pa. 
Chicago,  111. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
Philadelphia,  Pa. 
New  York  City. 
St.  Louis,  Mo. 
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James  F.  Lewis, 
Jawood  Lukens, 
F.  P.  MacLean, 

E.  D.  Meier,     . 
John  W.  Meier, 
Joseph  T.  Monell 
P.  N.  Moore,    . 
Milton  Moss,  ^. 
James  W.  Neill, 
W.  L.  Neill,     . 
Arthur  Neiistaedter, 
Frank  Nicholson,     . 
Alexander  Niedringhaus 

F.  G.  Niedringhaus, 
Wm.  F.  Niedringhaus, 
James  M.  Patrick, 
W.  F.  Patrick, 
Joseph  C.  Piatt,  Jr 
William  B.  Potter, 
C.  W.  Pritchett,  Jr., 
E.  W.  Raymond, 
Robert  H.  Richards. 
Ellen  H.  Richards, 
Charles  Ridgely, 
William  B.  Ridgely, 
J.  B.  Risque,    . 
L.  H.  Ritterskamp, 
P.  J.  D.  Robertson, 
S.  B.  Russell,   . 
Gustav  Setz, 
W.  H.  Shields, 
Gray  Staunton, 
Lewis  Stockett, 
C.  F.  Stuart,      . 
Charles  E.  Wait, 
E.  Walsh,  Jr.,  . 
George  W.  Ware, 
H.  A.  Wheeler, 
William  White,  Jr. 
T.  J.  Whitman, 
John  F.  Wilcox, 
William  H.  WMley, 
John  Wilkes,    . 
n.  B.  Williams, 
Pope  Yeatman, 
E.  L.  Zukoski, 
C.  F.  Zukoski,  . 


New  York,  City. 
Conshohocken,  Pa. 
Washington,  D.  C. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
Olympia,  Ky. 
Huntsville,  Ala. 
Mine  La  Motte,  Mo. 
New  Orleans,  La. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
Denver,  Colorado. 
Leadville,  Colorado. 
Waterford,  N.  Y. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
New  York  City. 
Boston,  Mass. 
Boston,  Mass. 
Springfield,  111. 
Springfield,  111. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
Bonne  Terre,  Mo. 
St.  Louis,  Mo. 
Hartfoid,  Conn. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
Rolla,  Mo. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
Pittsburgh,  Pa. 
St.  Louis,  Mo. 
Pittsliurgh,  Pa. 
New  York  City. 
Charlotte,  N.  C. 
Champaign,  111. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 


PROCEEDINGS  OF  THE  SCRAN  ION   MEETING.  lxx\ii 


PJROCEEDIXGS  OF  THE  FORTY-SEVENTH  [ANNUAL) 
MEETING,  SCR  ANTON,  PA.,  FEBRUARY,  1887. 

COMMITTEES. 

Citizens'  Committee. — Mayor  E.  11.  Hippie,  Chairman;  J.  J.  Albright,  W.  R. 
Storrs,  Hon.  Alfred  Hand,  Hon.  R.  W.  ArchbaUl,  John  B.  Smith,  J.  C.  Piatt,  C.  F. 
Mattes,  Hon.  J.  A.  Scranlon,  James  Blair,  Colonel  U.  M.  Boie.s,  Dr.  B.  H.  Throop, 
W.  F.  Hallste.id,  James  P.  Dickson,  J.  A.  Price,  George  L.  Dickson,  Rev.  J.  E. 
Price,  O.  S.  Johnson,  Samnel  Hines,  James  Archbald,  Rev.  Thomas  R.  Beeber,  A. 
W.  Dickson,  William  A.  May,  Rev.  David  Spencer,  William  Matthews,  E.  C. 
Fnller,  J.  P.  Halstead,  Rev.  H.  C.  Swentzel,  W.  W.  Manness,  J.  A.  Lansing,  R.  W. 
Lnce,  J.  E.  Barrett,  Hon.  L.  A.  AVatres,  A.  H.  Vandling,  W^illiam  Connell,  I.  A. 
Finch,  John  Jermyn,  E.  N.  Wiilard,  E.  B.  Sturgess,  L.  N.  Kramer,  Thomas  W. 
Torrey,  H.  S.  Pierce,  E.  S.  Moffat,  H.  Belin,  Jr.,  W.  W.  Scranton,  Thomas  H.  Dale, 
Rev.  S.  C.  Logan,  George  B.  Smith,  Benjamin  Hughes,  Conrad  Schroeder,  F.  W. 
Gimster,  H.  Wehrnm,  John  E.  Allen,  E.  W.  Weston,  H.  A.  Kingsbury,  J.  H. 
Torrey,  E.  P.  Kingsbury,  W.  T.  Smith,  John  Simpson,  Lewis  Pughe,  Dr.  R.  A. 
Squire,  Colonel  F.  L.  Hitchcock,  Reese  G.  Brooks. 

Committee  of  the  American  Institute  of  Mining  Engineers. — J.  F. 
Snyder,  Chairman;  R.  G.  Brooks,  Secretary ;  A.  H.  Vandling,  C.  D.  Simpson,  W. 
F.  Mattes,  W.  W.  Scranton,  A.  H.  Sberrerd,  T.  G.  Wolf,  W.  M.  Marple,  C.  H. 
Scharar,  D.  W.  Humphrey,  H.  M.  Boies,  James  P.  Dickson,  E.  S.  Moflat. 

Local  Ojmmittce  of  Arrangements- — E.  S.  Moffiit,  Chuirmnn  ;  W.  W.  Scranton,  H. 
M.  Boies,  W.  F.  Mattes,  C.  D.  Simpson,  D.  W.  Humphrey. 

Committee  on  Vi-<its  and  Excursions. — A.  H.  Vandling,  Chairman;  J.  F.  Snyder, 
R.  G.  Brooks,  J.  P.  Dickson. 

Dinner  Committee. — Theodore  G.  Wolf,  Chairman;  A.  H.  Sherrerd,  W^  M. 
Marple,  C.  H.  Scharar. 

Hotel  Headquarters. — The  W^yoming  House. 

The  opening  session  was  held  on  Tuesday  evening,  February  15, 
in  the  hall  of  the  Young  Men's  Christian  Association.  Mr.  E.  S. 
Moffat,  Chairman  of  the  Local  Committee  of  Arrangements,  called 
the  meeting  to  order,  and  introduced  Hon.  Alfred  Hand,  of  Scranton, 
who  delivered  an  interesting  address  of  welcome.  In  the  absence 
of  President  Richards,  Vice-President  J.  D.  Weeks  responded  on 
behalf  of  the  Institute. 

A  letter  from  President  Hichards,  announcing  his  continued  con- 
valescence, at  Bermuda,  from  his  recent  serious  illness,  was  read  by 
the  Secretary. 

The  following  papers  were  read  : 

Biographical  Notice  of  Martin  B.  Coryell,  by  R.  W.  Raymond, 
Xew  York  City. 

Note  on  the  Xew  Geological  Map  of  Europe,  by  Dr.  Persifor 
Frazer,  of  Philadelphia. 
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The  session  was  then  adjourned,  and  the  members  and  guests  en- 
joyed a  reception  given  by  the  Board  of  Trade  on  behalf  of  the 
citizens  of  Scranton. 

The  second  session  was  held  Wednesday  evening,  February  16, 
Vice-President  Weeks  in  the  chair.  The  following  papers  were 
read : 

Geology  and  Mining  in  the  Northern  Anthracite  Coal-field  of 
Pennsylvania,  by  Frank  A.  Hill,  Philadelphia,  Pa. 

Comparison  of  some  Southern  Cokes  and  Iron-Ores,  by  A.  S. 
McCreath,  Harrisburg,  Pa.,  and  E.  V.  d'Invilliers,  Philadelphia,  Pa. 

General  Account  of  the  Iron-Ores  used  in  the  Chattanooga  Dis- 
trict, by  H.  S.  Fleming,  Dayton,  Tenn,  (read  by  the  Secretary). 

A  Water-Cooled  Gas-Prod ucer,  by  W.  J.  Taylor,  Chester,  N.  J. 

The  presiding  officer  announced  the  appointment  of  Messrs.  G. 
W.  Maynard,  W.  B.  Kunhardt,  and  R.  Peele,  Jr.,  as  Scrutineers  to 
count  the  ballots  received  for  officers  of  the  Institute. 

The  third  session  was  held  on  Thursday  afternoon,  February  17, 
Vice-President  Weeks  in  the  chair.    The  following  papers  were  read  : 

A  Tilting-Ladle  Car  for  Molten  Metal  or  Slag,  by  John  Birkin- 
bine,  Philadelphia,  Pa. 

Rail-Sections,  by  W.  F.  Mattes,  Scranton,  Pa. 

Mining  Developments  on  the  Northwestern  Pacific  Coast,  and 
their  Wider  Bearing,  by  Amos  Bowman,  Ottawa,  Canada.  • 

The  Microscopic  Structure  of  Steel  Rails,  by  F.  Lynwood  Gar- 
rison, Philadelphia,  Pa. 

The  fourth  session  was  held  Thursday  evening,  February  17, 
Vice-President  Weeks  in  the  chair.  The  following  papers  were  pre- 
sented by  the  Secretary,  the  authors  being  absent. 

Notes  on  the  Saving  of  Sulphur  and  Ammonia  from  Gas,  by  W. 
H.  Adams,  New  York  City. 

Magnesium  Carbonate  as  a  Non-Conductor  of  Heat,  by  E.  Lutt- 
gen,  Ambler,  Pa. 

The  Animikie  Rocks  and  their  Vein-Phenomena,  as  Shown  at  the 
Duncan  Mine,  Lake  Superior,  by  W.  M.  Courtis,  Detroit,  Mich. 

Apparatus  for  Volumetric  Determinations  with  Potassium  Per- 
manganate, by  Clemens  Jones,  Hokendauqua,  Pa. 

Concentration  and  Smelting  at  Tombstone,  Arizona,  by  John  A. 
Church,  Tan-ytown,  N.  Y. 
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The  following  were  read  by  their  authors : 

Note  on  the  Formation  of  Coal  from  ]\Iine-Timber,  by  E.  S. 
Moftat,  Soranton,  Pa. 

Experiments  in  Matting;  Iron  Sulphides,  by  E.  Gybbon  Spilsbury, 
New  York  City. 

The  following  papers  were  read  by  title: 

The  Distribution  and  Proportions  of  American  Blast-Furnaces 
(Second  Paper),  by  John  Birkinbine,  Philadelphia,  Pa. 

The  Silver  Mines  of  Calico,  California,  by  Waldemar  Lindgren, 
San  Francisco,  Cal. 

Note  on  the  Use  of  Hudson  Kiver  Carbonate  Ores  in  the  Cold 
Spring  Blast-Furuace,  by  F.  E.  Piatt,  Cold  Spring,  N.  Y. 

The  fifth  and  closing  session  was  held  Friday  afternoon,  February 
18,  Vice-President  Lewis  in  the  chair. 

The  following  paper  was  read  by  the  Secretary  in  the  absence  of 
the  author  : 

Roasting  Kiln  at  the  Musconetcong  Iron  Works,  by  I.  P.  Pardee, 
Stanhope,  N.  J. 

The  following  persons,  recommended  by  the  Council  to  be  mem- 
bers or  associates,  were  unanimously  elected  : 


MEMBERS. 


Anson  W.  Allen, 
James  Arch  bald, 
Reade  W.  Bailey, 
Edmund  Bartl,   . 
H.  M.  BeU,  Jr., . 
Henry  Belin,  Jr^ 
George  W.  Blair, 
William  H.  Blaiivelt, 
Henry  M.  Boies, 
Andrew  Brady,  . 
Arthur  Brock,    . 
F.  R.  Carpenter, 
Samuel  W.  Cheyney, 
V.  M.  Clement,  . 
William  Connell, 
F.  K.  Copeland, 
John  S.  Cox, 
T.  H.  Dale, 
Thomas  D.  Davis, 
William  BeU  Davies, 
James  P.  Dickson, 


South  Chicago,  111. 
Scrantcn,  Pa. 
Pittsburgh,  Pa. 
Scranton,  Pa. 
Staunton,  Va. 
Scranton,  Pa. 
Pittsburgh,  Pa. 
Riegelsville,  Pa. 
Scranton,  Pa. 
Cornwall,  Pa. 
Lebanon,  Pa. 
Georgetown,  Col. 
Tombstone,  Arizona. 
Grass  Valley,  Cal. 
Scranton,  Pa. 
Chicago,  111. 
South  Bethlehem,  Pa. 
Scranton,  Pa. 
Scranton,  Pa. 
London,  England. 
Scranton,  Pa. 
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Jolin  B.  Downs, 
Howard  Douglass, 
Peter  Doxrud,    . 
Daniel  Eagan,     . 
Daniel  Edwards, 
John  S.  Fackenthal, 
I.  A.  Finch, 
D.  B.  Gillette,  Jr., 
Henry  A.  Gordon, 
John  Griffiths,   . 
F.  A.  Gritzner,  . 
Charles  B.  Griibb, 
Samuel  Hines,    , 
H.  W.  Hughes,  . 
Benjamin  Hughes, 
Louis  Janin,  Jr., 
F.  A.  Janson, 
A.  W.  Jenks, 
John  Jermyn,     , 
Frank  M.  Johnson, 
Edward  Jones,    . 
George  F.  Knapp, 
Herbert  Lang,    . 
Arthur  H.  Lee,  . 
David  Levat, 
Theodore  Little,  Jr., 
"William  McClave, 
J.  H.  McCune,    . 
Angus  Mackay,  . 
Samuel  McEachean, 
George  S.  Mackenzie, 
Charles  C.  Mattes, 
Charles  F.  Manness, 
Carl  A.  Meissner, 
J.  F.  Merkle,     . 
Charles  A.  Molson, 
James  J.  Ormsbee, 
Thomas  L.  Penrose, 
Thomas  H.  Phillips, 
S.  H.  Pitkin,       . 
J.  A.  Price, 
H.  S.  Reets, 
William  J.  Reno, 
William  H.  Richmond, 
George  J.  Rockwell,  . 
Plenry  A.  Schmidt,    . 
George  Sergeant,  Jr., 
William  F.  Slingluff, 
A.  D.  W.  Smith ; 
W.  T.  Smith,      . 
John  Sutcliffe,    . 


Steel  ton.  Pa. 

New  Castle,  Ala. 

Pittsburgh,  Pa. 

Siiaron,  Pa. 

Kingston,  Pa. 

Oxford,  N.  J. 

Scran  ton,  Pa. 

San  Francisco,  Cal. 

Wellington,  New  Zealand." 

Springfield,  111. 

Chicago,  111. 

Lancaster,  Pa. 

Scanton,  Pa. 

Dudley,  England. 

Scranton,  Pa. 

Park  City,  Utah. 

Norway,  Mich. 

New  York  City. 

Scranton,  Pa. 

Cusihuiriachic,  Mexico. 

Glyph  ant.  Pa. 

Joliet,  111. 

Portland,  Oregon. 

Scranton,  Pa. 

Paris,  France. 

Aspen,  Col. 

Scranton,  Pa. 

Wheeling,  Ala. 

Denver,  Colo. 

Scranton,  Pa. 

Sydney,  New  South  Wales. 

Scranton, Pa. 

Scranton,  Pa. 

New  York  City, 

Pittsburgh,  Pa. 

Granite,  Montana. 

Tracy  City,  Tenn. 

Granite,  Montana. 

Wilkes- Barre,  Pa. 

Akron,  Ohio. 

Scranton,  Pa. 

Wilkes-Barre,  Pa. 

Pittsburgh,  Pa. 

Scranton,  Pa. 

Sinaloa,  Mexico. 

Lake  Valley,  New  Mexico. 

Wilkes-Barre,  Pa. 

Norristown,  Pa. 

Philadelphia,  Pa. 

Scranton,  Pa. 

Londonderry,  N.  S. 
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J.  S.  Svlvester,  . 
11.  G.  H.  Tarr,  . 
Cliarles  Taylor,  . 
"William  R.  Thomas, 
Joseph  T.  Torrence, 
S.  G.  Valentine, 
E.  I.  Van  Hoose, 
Eieiiard  A.  Varden, 
Oliver  Williams, 
Robert  II.  Williams, 
J.  J.  Williamson, 
J.  W.  Wilson,     . 
E<Iward  L.  Young, 
James  Young,    . 


F.  F.  Amsden,   . 
F.  J.  Carrel, 
Jos^  Congosto,    . 
James  P.  Gardner, 
William  S.  Maharg, 
Charles  Murray, 
Benjamin  Xicoll, 
Thomas  H.  Perrv, 
Rufns  K.  Polk,  . 
Edwin  S.  Stackhouse, 
Theodore  Stevens, 
Frank  Wilkes,    . 
Walter  Wyckoff, 


Associates. 


St.  Louis,  Mo. 
New  York  City. 
New  York  City, 
llokendauqua,  Pa. 
Chicago,  111. 
Lebanon,  Pa. 
New  York  City. 
Hurley,  Wis. 
Cata-'sauqua,  Pa. 
Buffalo,  N.  Y. 
Boston,  Mass. 
New  York  City. 
New  York  City. 
Dunmore,  Pa. 


Scranton,  Pa, 
Portland,  Oregon. 
Philadelphia,  Pa. 
Chicago,  111. 
Betiilehem,  Pa. 
St.  Louis,  Mo. 
New  Y'ork  City. 
Blooraington,  III. 
South  Bethlehem,  Pa. 
Shickshinny,  Pa. 
South  Bethlehem,  Pa. 
Charlotte,  N.  C. 
South  Bethlehem,  Pa. 


The  following  associates  were  made  members 


C.  R.  Claghorn, 
F.  J.  H.  Merrill, 


George  Li  Morris. 
William  T.  Morris. 


The  Secretary  read  the  following ; 


Report  of  the  Council. 

In  accordance  with  the  rules  the  Council  makes  the  following  re- 
port to  the  Institute: 

Tlie  financial  statement  of  the  Secretary  and  Treasurer,  duly 
audited,  shows  receipts  for  the  year  from  all  sources,  including  the 
balance  at  the  beginning  of  the  year,  of  $20,227.03,  and  expendi- 
tures of  315,848.18,  leaving  a  surplus  of  $i,379.45.  In  addition  to 
this,"  the  Treasurer  holds  United  States  bonds  belonging  to  the  In- 
stitute, as  follows:  4  per  cent,  bonds,  par  value, $900;  4|  per  cent, 
bonds,  par  value,  $4400 — total,  §5300.  The  present  value  is  about 
§6500. 
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Since  the  balance  from  the  last  statement  was  $3780.08,  the  actual 
receipts  of  the  year  were  $399.37  greater  than  the  expenditures. 
The  detailed  statement  is  as  follows  : 


Statement  of  the  Secretary  and  Treasurer,  of  Receipts  and  Disbursements,  from  February 
1st,  1886,  to  January  Slsi,  1887. 

Balance  from  last  statement, $3,980  08 

Eeceived  for  dues  from  members  and  associates,  .   •     .         .  13,957  90 

"         "     life-memberships, 500  00 

"         "     sale  of  publications, 472  86 

"         "     sale  of  geological  maps,  .....  20  79 

"        "    binding  Transactions, 606  70 

"         "     authors'  pamphlets, 243  49 

"         "     engraving  and  electrotypes,     ....         211  81 
"        interest  on  United  States  bonds,  ....         234  00 


Paid  for  printing  volume  xiv.  Transactions, 

"  "        "  pamphlet  editions  of  papers, 

"  "       "  authors'  editions  of  papers, 

"  "       "  list  of  members, 

"  "       "  mailing  list, 

"  "        "  circulars,  ballots,  etc., 

"  "       "  geological  map  of  United  States, 

"  "       "  geological  map  of  Pennsylvani 

"  "  binding  volume  xiv.  Transactions, 

"  "       "         other  volumes  of  Transactions, 

"  "       "  miscellaneous  exchanges, 

"  "  bank-note  plate-paper,    . 

"  "  engraving  and  electrotyping, . 

"  "  postage,  ..... 

"  "  incidental  expenses  of  mailing  books,  etc 

"  "  stationery  (including  postpaid  envelopes) 

"  "  rent  of  offices, 

"  "  janitor's  fees,  .... 

"  "  express  charges,  freight,  etc., 

"  "  telegrams,       .... 

"  "  index  of  volume  xiv.,    . 

"  "  storage  of  Transactions  (adv.  for  1887), 

"  "  insurance,        .... 

"  "  stove  and  repairing, 

"  "  coal  purchased, 

"  "  books  purchased  for  library, 

"  "  rent  of  safe-deposit  box, . 

"  "  fitting  up  additional  room, 

"  "  type-writing  and  translating, 

"  "  small  expenditures  (unclassified), 

"  "  salaries  of  secretary  and  assistants, 

"  "  expenses  of  secretary  and  assistants  (at  meeti 


I 


$20,227  63 

$2,428 

1,926 

137 

93 

99 

46 

736 

71 

696 

172 

98 

650 

1,171 

1,105 

44 

387 

650 

94 


ngs). 


9 

50 

129 

5 

27 

10 

11 

5 

209 

45 

62 

4,368 

211 


66 
55 
00 
50 
55 
38 
55 
50 
22 
10 
55 

oo 

71 

20 
48 
12 
00 
00 
42 
36 
00 
60 
00 
69 
75 
38 
00 
61 
00 
80 
66 
84 


$15,848  18 


Balance, 


1,379  45 
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The  expenditures  have  been  .^15,848.15,  as  against  $12,884.54 
for  tlie  preeeiling  year,  an  increase  of  nearly  $3000.  As  will 
appear  by  an  examination  of  the  above  statement,  there  was  an  in- 
crease of  about  SIOOO  in  the  items  of  printing  and  postage,  chiefly 
due  to  the  size  of  Volume  XIV.  of  the  Transactions,  which  was  the 
largest  ever  published,  containing  1022  pages,  as  against  854  of 
its  predecessor.  The  rent  of  offices  has  been  increased  $450,  addi- 
tional room  having  been  secured  and  paVtly  fitted  up  during  the 
year  for  the  proper  accommodation  of  the  valuable  exchanges,  elec- 
trotypes, maps  and  pamphlets  belonging  to  the  Institute;  about  $250 
has  thus  far  been  expended  on  this  additional  room.  The  expense 
of  clerical  assistance  to  the  Secretary  has  been  increased  about  $500. 

These  items  of  increased  expenditure  amount  in  the  aggregate  to 
$2200,  to  which  should  be  added  the  cost  of  printing  and  distribut- 
ing the  geological  map  of  the  United  States,  which  has  been  some- 
thing over  $750,  thus  approximately  accounting  for  the  difference 
in  expenditures  between  this  year  and  the  last.  A  portion  of  the 
difference  is  due  to  the  enlarged  membership  and  activity  of  the 
Institute,  and  will  doubtless  be  continued  and  increased  during  the 
coming  year.  It  has  already  been  deemed  necessary,  for  the  purpose 
of  securing  a  sufficient  supply  of  Volume  XV.,  to  enlarge  the  edi- 
tion from  2000  to  2200. 

The  printing  of  this  volume  is  now  well  advanced,  although  not 
quite  so  far  as  was  that  of  Volume  XIV.  at  the  time  of  the  last 
annual  meeting ;  and  it  is  hoped  that,  with  the  cooperation  of  the 
authors  of  papers,  the  volume,  which  will  include  the  papers  of  the 
present  meeting,  may  be  distributed  as  early  as  next  July.  Consid- 
ering the  repeated  revisions  preceding  final  publication,  and  the  labor 
of  preparing  the  complete  analytical  index,  it  is  not  likely  that  an 
earlier  ai)pearance  of  the  annual  volume  can  ever  be  secured. 

At  the  request  of  many  members  it  has  been  decided,  contrary  to 
the  original  intention,  to  include  in  Volume  XV.  the  colored  geo- 
logical map  of  the  United  States,  printed  upon  the  thin  bank-note 
paper  employed  in  our  Transactions.  Members  and  associates  not 
in  arrears  for  the  last  year  will,  therefore,  receive,  in  the  volume,  a 
copy  of  the  map  in  addition  to  the  one  already  sent  separately  by 
mail. 

It  is  proposed  to  prepare  and  to  distribute  free,  before  the  next 
annual  meeting,  to  all  members  and  associates  not  in  arrears,  a 
volume  containing  a  full  analytical  index  to  Vols.  I.-XV.  of  the 
Transactions.     As  a  preliminary  measure,  the  Index  of  Vols.  I.-X. 
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has  been  minutely  revised,  and  a  large  number  of  corrections  and 
additions  have  been  made  to  it. 

Three  meetings  have  been  held  during  the  year :  the  annual 
(XLIVth)  meeting  at  Pittsburgh,  Pa.,  in  February ;  a  May  meet- 
ing at  Bethlehem,  Pa.,  and  an  October  meeting  at  St.  Louis,  Mo.  It 
goes  without  saying  that  these  meetings  were  thoroughly  enjoyed 
by  those  who  attended  them,  and  the  papers  already  distributed  are 
sufficient  evidence  of  their  professional  interest  and  value. 

Changes  in  membership  since  the  last  annual  report  have  been  as 
follows  :  One  honorary  member,  164  members,  and  54  associates 
have  been  elected  and  have  accepted  their  elections ;  12  members 
have  been  reinstated;  15  members  and  7  associates  have  resigned; 
and  24  members  and  3  associates  have  been  dropped  from  the  rolls 
for  non-payment  of  dues. 

The  list  of  deaths  comprises  15  members:  Hugo  Arnolds,  Leon 
Thonard,  Magnus  Troilius,  N.  W.  Storton,  E.  F.  Loiseau,  Joshua 
Hunt,  W.  A.  Smalley,  Thomas  M.  Carnegie,  N.  W.  Johnson,  M. 
F.  Manry,  William  Gurley,  Gen.  C.  P.  Stone,  C.  von  Schmalensee, 
W.  G.  Piatt,  and  Martin  Coryell,  and  1  associate,  M.  C.  Davis. 
These  changes  are  tabulated  as  follows  : 


At  date  of  last  report 

Gains:  By  Election 

Change  of  iStatus, 

Reinstatement 

Losses:  By  Resignation 

Dropping 

Change  of  Status. 

Death 

Total  gains 

Total  losses 

Present  membership 


Hm. 

Fm. 

M. 

A. 

Totals. 

6 

48 

1216 

149 

1419 

1 

164 
IG 
12 

54 

219 
16 
12 

15 

7 

22 

24 

3 
16 

27 
16 

15 

1 

16 

247 

81 

7 

48 

1354 

176 

1585 

The  item  of  12  members  reinstated  during  the  year,  upon  full 
payment  of  all  arrears  of  dues,  is  an  encouraging  indication  of  the 
high  estimation  in  which  the  Institute  is  held  even  by  those  who, 
through  absence  or  neglect  or  temporary  financial  embarrassment, 
have  failed  to  maintain  their  standing  as  members  by  the  prompt 
payment  of  dues.  As  was  announced  in  the  last  annual  report,  the 
Council  is  ready,  in  all  cases  where  members  have  been  dropped  for 
such  default,  to  authorize  their  restoration  u})0u  satisfactory  expla- 
nation and  payment  of  arrears. 
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The  Scrutineers  appointed  at  a  former  session  reported  the  follow- 
ing officers  elected : 

PRESIDEyT. 

Thomas  Egleston, New  York  City. 

VICE-PRESIDENTS. 
(To  serve  for  two  years.) 

JoHK  BiRKiXBiXE, Philadelphia,  Pa, 

J.  F.  HoLLOWAY, Cleveland,  O. 

E.  S.  Moffat, Scranton,  Pa. 

MAyAOEBS. 
(To  serve  for  three  years.) 

A.  B.  DeSaclles, Oliphant  Furnace,  Pa. 

B.  F.  Fackexthal,  Jr., Riegelsville,  Pa. 

C.  KiKCHHOFF,  Jr. New  York  City. 

,  TBEASURER. 

Theodore  D-  Eaxd, Philadelphia,  Pa. 

SECRETARY. 
KossiTER  "W.  Eaymond, New  York  City. 

The  following  amendments,  proposed  at  a  previous  meeting,  were, 
after  discussion,  unanimously  adopted  : 

Rule  III.  was  amended  to  read  as  follows :  "  The  dues  of  members 
and  associates  shall  be  ten  dollars,  payable  upon  their  election,  and 
ten  dollars  per  annum  thereafter,  payable  in  advance  at  the  annual 
meeting.  Honorary  members  shall  not  be  liable  to  dues.  Any 
member  or  associate  not  in  arrears  may  become  by  the  payment  of 
one  hundred  dollars  at  one  time  a  life-member  or  associate,  and  shall 
not  be  liable  thereafter  to  annual  dues.  Any  member  or  associate 
in  arrears  may,  at  the  discretion  of  the  Council,  be  deprived  of  the 
receipt  of  publications,  or  stricken  from  the  list  of  members  when 
in  arrears  for  one  year ;  provided,  that  he  may  be  restored  to  mem- 
bership by  the  Council  on  payment  of  all  arrears  or  by  re-election 
after  an  interval  of  three  years." 

Rule  VIII.  was  amended  to  read  as  follows  :  "  These  rules  may  be 
amended  at  any  annual  meeting,  by  a  two-thirds  vote  of  any  of  the 
members  present,  provided,  that  written  notice  of  the  proposed 
amendment  shall  have  been  given  at  a  previous  meeting ;  and  pro- 
vided, also,  that  the  amendment  or  amendments  so  adopted  shall  be 
printed  uj)on  a  ballot  and  sent,  not  later  than  the  next  distribution 
of  printed  matter,  to  all  members  and  associates  not  in  arrears  for 
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the  preceding  year  (except  honorary  members  and  foreign  members 
elected  before  February,  1880),  and  each  person  receiving  the  same 
shall  be  requested  to  return  it  to  the  Secretary  with  his  written  vote 
of  Yes  or  No  to  each  amendment,  and  his  signature;  and  the  Pres- 
ident shall  appoint  as  scrutineers  three  members  or  associates,  who 
shall  examine  all  of  the  said  ballots  which  shall  have  been  returned 
within  one  month  from  the  date  of  their  distribution,  and  shall 
report  the  result;  and  the  Secretary  shall  publish  and  distribute  to 
members,  not  later  than  the  next  distribution  of  printed  matter,  an 
announcement  of  the  said  result  so  reported,  together  with  the  text 
of  the  additional  or  amended  rule  or  rules  so  adopted ;  and  the 
amendment  or  amendments  approved  by  the  majority  of  the  ballots 
so  returned  and  reported  shall  become  part  of  these  rules  from  and 
after  the  publication  of  said  announcement  by  the  Secretary." 

On  motion  of  Mr.  E.  G.  Spilsbury,  the  Secretary  was  instructed 
to  express  by  letter  the  thanks  of  the  Institute  to  the  various  indi- 
viduals and  corporations  whose  courtesy  and  hospitality  had  been 
so  freely  shown  to  visiting  members,  and  also  the  Local  Committee 
whose  thoughtful  and  thorough  arrangements  had  so  greatly  con- 
tributed to  the  success  of  this  meeting. 

The  meeting  was  then  adjourned. 

Excursions  and  Entertainments. 

In  addition  to  the  social  recej)tion  at  the  close  of  the  first  session, 
mentioned  above,  the  visiting  members  enjoyed  various  and 
abundant  private  hospitalities.  On  Wednesday  morning,  the  blast- 
furnaces, Bessemer  works,  iron  and  steel  rolling-mills,  pumping- 
station,  machine-shop,  foundry,  etc.,  of  the  Lackawanna  Iron  and 
Coal  Company  were  visited,  after  which  the  guests  enjoyed  a  drive 
about  the  city  of  Scranton,  and  many  of  them  on  Wednesday  after- 
noon embraced  the  opportunity  to  inspect  the  machinery  and  opera- 
tion of  the  new  suburban  (electric)  railroad.  On  Thursday  morning 
the  new  Pine  Brook  Breaker  of  the  Lackawanna  Iron  and  Coal 
Company  was  visited,  and  the  party  was  taken  down  the  shaft  to 
inspect  a  portion  of  the  colliery;  after  which  an  interesting  visit  was 
made  to  the  shops  of  the  Dickson  Manufacturing  Company.  Friday 
was  devoted  to  a  railroad  excursion  over  the  Lackawanna  and 
Western  Railroad,  affording  a  view  of  the  Lackawanna  Valley  and 
stopping  at  Wilkes-Barre,  Pittston  and  other  points  of  interest.  On 
Friday  evening  a  subscription  dinner  took  place  at  the  Wyoming 
House. 
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Members  and  Associates  Present. 

The  followinir  nieiiibci's,  associates  and  2;uests  registered  their 
names  at  the  headqutu'tcrs  of  the  Local  Committee.  It  is  believed 
that  a  eoiisiderable  number  who  were  present  during  part  of  the 
meetiujr  neglected  to  register. 


Charles  A.  Ashburner. 

AVilliani  Atkins. 

Edward  Burr. 

Edmund  Bnrtl. 

J.  C.  Bayles. 

II.  Belin.  Jr. 

Jolin  Birkinbhie. 

C.  P.  Bleecker. 

H.  M.  Boies. 

Amos  Bowman. 

J.  Y.  Boyd. 

K.  G.  Brooks. 

H.  W.  Bulkley. 

J.  P.  Carson. 

William  H.  Cass. 

C.  K.  Clagliorne. 
William  Connell, 
Torbert  Coryell. 
Eckley  B.  Coxe. 
W.  E.  C.  Coxe. 
E.  V.  d'Invilliers. 
Thomas  S.  Disston. 

E.  B.  Dorsey. 
T.  M.  Drown. 
T.  Egleston. 
I.  A.  Finch. 
Clark  Fisiier. 
W.  B.  Foote. 
Persifor  Frazer. 
William  Frear. 
H.  T.  Fuller. 
John  Fulton. 

F.  L.  Garrison. 
John  L.  Gill,  Jr. 
"William  Glenn. 
H.  C.  Grittinger. 
E.  B.  Harden. 

J.  H.  Harden. 
A.  Heckscher. 
L.  Holbrook. 
Frank  A.  Hill. 
Thomas  Hodgson. 
H.  M.  Howe. 

D.  W'.  Humphrey. 


George  S.  Humphrey. 
"W.  S.  Hiiiigerford. 
T.  Sterry  Hiuit. 
John  Jermyn. 
Clemens  Jones. 
T.  C.  Jones. 
C.  Kirch hoff,  Jr. 
W.  B.  Kunhardt. 
W.  S.  Lawience. 
E.  D.  Leavitt,  Jr. 
A.  H.  Lee. 
G.  M.  Lehman. 
H.  W.  Lewis. 
J.  F.  Lewis. 
Arthnr  McClellan. 
C.  F.  Manness. 
William  M.  Marple. 
Charles  C.  Mattes. 
W.  F.  Mattes. 
G.  ^V.  Maynard. 
P.  W.  Moen. 
M.  G.  Moore. 
T.  K.  Morgan. 
^yilliam  G.  Neilson. 
R.  van  A.  Norris. 
T>.  J.  Ormond. 
G.  Ormond. 

E.  Peele,  Jr. 
Samuel  Peters. 

F.  E.  Piatt. 

J.  C.  Piatt,  Jr. 

J.  A.  Price. 

E.  "W.  Eaymond. 

William  H.  Eea, 

Mrs.  Ellen  Eichards. 

C.  H  Scharar. 

E.  C.  Schanfiiss. 

W.  H.  Scran  ton. 

A.  W.  Sheafer. 

Alexander  H.  Sherrard. 

C.  D.  Simpson. 

A.  D.  W.  Smith. 

Oberlin  Smith. 

William  T.  Smith. 
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Samuel  Smythe. 
J.  F.  Snyder. 
E.  G.  Spilsbury. 
T.  A.  Stearns. 
A.  H.  Storrs. 
W.  J.  Taylor. 
H.  C.  Torrance. 
H.  G.  Torrey. 
James  Tyson. 
A.  H.  Vandling. 


J.  Viennot. 
J.  D.. Weeks. 
Bard  Wells. 
William  White,  Jr. 
William  H.  Wiley, 
J.  F.  Wilcox. 
D.  Williams. 
S.  T.  Williams. 
F.  S.  Witherbee. 
Theodore  G.  Wolf. 


» 
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THE  ANTICLIXAL  THEORY  OF  NATURAL  GAS. 

BY  H.   M.   CIIAXCE,*  PHILADELPHIA,   PA, 
(Bethlehem  Meeting,  Slay,  1886.) 

"NViTHix  the  last  few  months  much  interest  has  been  excited  by 
what  is  known  as  the  "anticlinal  theory"  of  gas,  a  theory  so  simple, 
so  plausible,  and  so  easily  understood  by  everyone,  that  its  adoption 
by  the  gas-producer  was  an  almost  foregone  conclusion.  The  public 
has  also  accepted,  but  not  so  generally,  the  assertion  that  the  gas 
exists  underground  under  any  necessary  pressure  as  a  liquid,  thus 
accounting  for  the  enormous  quantities  of  gas  obtained,  apparently, 
from  a  small  area.  Some,  however,  explain  this  by  supposing  that 
the  manufacture  of  gas  is  constantly  going  on  in  the  formations 
underlying  the  gas-sand.  It  has  also  been  asserted  that  the  gas  may 
exist  (where  the  rock  is  not  porous)  in  crevices,  and  that  these 
crevices  or  fissures  will  be  found  largely  developed  along  the  anti- 
clinal axes. 

On  the  other  hand,  we  have  the  opinion  expressed  by  Professor 
Lesley  that  gas,  water  and  oil  existing  underground  at  great  pressure 
will  not  separate,  but  that  the  gas  will  exist  in  solution,  "mixed" 
like  carbonic  acid  gas  in  a  soda-water  fountain.  This  hypothesis,  if 
correct,  is  fatal  to  the  anticlinal  theory. 

The  anticlinal  theory  would  also  become  less  plausible  if  it  were 
shown  that  the  gas  exists  as  a  liquid.  The  difference  in  specific 
gravity  between  it  and  water  might  not  then  seem  sufficient  to  force 
each  through  miles  of  pores  until  the  hydrocarbon  liquid  had  found 
its  way  to  the  crest  of  the  anticlinal,  and  the  water  to  the  lower  por- 
tions of  the  rock,  since  these  rocks,  even  in  the  vicinity  of  the  anti- 
clinal axes,  have  a  very  gentle  inclination,  commonly  less  than  one 
degree  and  very  rarely  exceeding  one  degree  and  a  half.f 

We  may  dismiss  this  consideration  for  the  present,  for  it  will  be 
seen  further  on  that  the  gas  cannot  exist  as  liquid  ;  but  even  if  this 
were  not  so,  time  only  would  be  required  to  effect  separation. 

The  supposition  of  continuous  manufacture  in  rocks  underlying 

*  Formerly  Assistant  Geologist,  Pennsylvania  Geological  Survey, 
t  In  feet,  generally  less  than  100  feet  per  mile, — average  20  to  40  feet, — and 
rarely  150  feet. 
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the  gas  sands  is  entertained  by  few  who  are  familiar  with  the  phe- 
nomena presented  by  oil-  and  gas-wells.  The  geologist  is  not  able 
to  deny  the  possibility  of  this  state  of  aifairs:  but  even  if  such  be 
the  case,  the  limited  life  of  many  gas-wells  as  great  producers  is  suffi- 
cient evidence  that  the  natural  production  underground  can  only  be 
a  fraction  of  the  rate  of  consumption. 

However,  this  supposition  involves  the  question  of  the  origin  of 
gas  and  oil,  whether  in  the  rocks  forming  their  present  reservoirs  or 
in  underlying  bituminous  or  oleaginous  shales  or  slates.  The  latter 
theory  is  popular,  but  encounters  one  fatal  objection  which  its  ad- 
herents, with  surprising  complacency,  entirely  ignore.  Ascension 
from  below  implies  the  existence  of  open  fissures, — these  would  per- 
mit the  escape  of  gas  to  the  surface.     As  stated  by  Prof.  Lesley : 

.  .  .  .  "  This  is  the  argument  which  weighs  most  in  my  mind 
against  one  of  the  popular  theories  entertained  by  geologists,  that  all 
our  petroleum  has  ascended  to  the  oil-rocks  from  far  greater  depths 
in  the  lower  formations  or  in  the  interior  of  the  earth  ;  for  I  confess 
myself  unable  to  understand  how  the  material  could  ascend  3000 
feet  or  more  from  the  Silurian  or  Lower  Devonian  rocks  and  there 
have  been  arrested,  unable  to  continue  its  ascent  through  the  remain- 
ing one,  two  or  three  thousand  feet  to  the  surface.  In  addition  to  this 
capital  objection  there  is  another,  namely,  that  it  has  never  been  shown 
by  any  one  that  hydrocarbons  in  the  gaseous  form,  ascending  from 
great  depths,  could  be  condensed,  or  in  any  way  changed  into  liquid 
petroleum,  and  held  in  that  form  ever  after  by  the  porous  sand-rocks." 

There  is  no  valid  objection  to  the  supposition  that  gas  and  oil 
have  their  origin  in  organic  matter  enclosed  in  the  porous  sand- 
stones in  which  they  are  now  found. 

However,  be  the  origin  domestic  or  foreign  to  the  producing  rock, 
experience  has  shown,  in  the  oil-development  at  least,  that  the 
porous  rock-reservoir  holds  a  definitely  limited  quantity,  and  that 
when  this  is  once  exhausted  we  may  expect  no  further  accumula- 
tion;  and  the  history  of  gas-wells  in  adjacent  territory  points  to  the 
same  conclusion  as  respects  gas. 

Will  gas  and  water  existing  underground  at  great  pressure, — from 
150  to  450  pounds  per  square  inch,  for  instance, — be  found  "  mixed," 
or  will  they  separate,  the  gas  rising  to  the  top?  The  value  of  the 
anticlinal  theory  depends  largely  upon  the  solution  of  this  question. 

As  the  propane  (CgHg)  and  ethane  [C^H^)  are  present  in  small 
quantities  and  both  probably  exist  as  liquids,  which  may,  however, 
be  held  by  the  marsh-gas  in  suspension  (just  as  water  is  evaporated 
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and  held  in  sn?{X'nsion  by  air),  they  need  not  be  here  considered ; 
and  we  may  take  the  gas  as  a  mixtnre  of  marsh-gas,  hydrogen  and 
nitrogen,  tlie  former  (marsh-gas  CHJ  in  ranch  larger  percentage 
than  the  latter  combined. 

Marsh-gas  is  soluble  in  or  absorbed  by  water  at  atmospheric  pres- 
sure to  only  aboul  five  per  cent.,*  that  is,  it  takes  twenty  volumes  of 
water  to  absorb  one  volume  of  marsh-gas.  The  solubility  of  marsh- 
gas  in  salt  water  is  not  accurately  known,  but  may  be  still  less. 
Hence,  if  20  cubic  feet  of  water  absorb  1  cubic  foot  at  atmospheric 
pressure,  the  same  quantity  of  water  would  by  Henry's  law  [ibid., 
p.  236),  absorb  at  150  pounds  or  10  atmospheres  10  cubic  feet,  or  50 
per  cent. ;  and  at  450  pounds  or  30  atmospheres,  30  cubic  feet  or  150 
per  cent.  In  other  words,  one  cubic  foot  of  water  would  absorb  one 
and  a  half  cubic  ket  of  gas  if  compressed  under  450  pounds  pres- 
sure,— any  excess  of  gas  present  must  separate  and  rise  to  the  higher 
portions  of  the  rock,  the  water  sinking  to  the  lower  portions.  It  is 
thus  evident  that  the  quantity  of  gas  held  by  the  water  is  from  a  prac- 
tical stand-point  small ;  and  that  a  well  piercing  the  rock  where  it  is 
filled  with  salt  water,  and  producing  a  large  flow  of  brine,  could  pro- 
duce only  one,  two  or  three  cubic  feet  (varying  with  pressure  and 
temperature)  of  gas  for  each  cubic  foot  of  water,  if  the  amount  of  gas 
mixed  with  the  water  were  its  only  supply.  Hence  the  argument, 
based  on  a  supposed  inseparable  mixture  of  gas,  water  and  oil  in 
depth,  appears  to  me  insufficient  to  overthrow  the  anticlinal  theory ; 
for  it  seems  certain  that  under  all  but  exceptional  conditions  the 
great  bulk  of  gas  will  naturally  separate  from  the  water  and  rise 
through  the  interstices  to  the  higher  portions  of  the  rock.f 

I  deem  it  unnecessary  to  discuss  the  possibility  of  a  similar  sepa- 
ration of  oil  and  salt  water,  and  of  oil  and  gas ;  but  I  may  say  in 
general  that  the  separation  of  water  and  oil  is  probably  not  so  easily 
accomjjlished,;}:  and  will  not  occur  so  readily  in  territory  where  the 
dip  is  very  slight,  from  the  fact  that  any  porous  rock  is  more  per- 
meable to  gas  than  to  a  liquid. 

*  Koscoe  and  Schorlemmer,  Organic  Chemistry,  vol.  iii.,  pt.  i.,  1882,  p.  608. 

t  Of  course  the  oil  will  rise  to  the  upper  and  the  water  sink  to  the  lower  layers  of 
the  rock  ;  but  it  seems  questionable  whether  the  water  will  always  flow  dovm  a  very 
gentle  dip, — say  10  feet  per  mile, — and  the  oil  rise  along  such  a  dip,  if  the  inter- 
stices or  pores  of  the  rock  are  very  small. 

X  For  a  more  technical  discussion  of  this  subject,  in  which  it  is  shown  that  the 
variations  in  composition  of  well  ga.s  possiVjly  result  from  the  operation  of  Dalton's 
law  of  partial  pressures,  reference  may  be  had  to  a  paper  by  the  present  writer  read 
before  the  Engineers'  Club  of  Philadelphia,  April,  1886. 
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One  reason  why  the  adoption  of  the  anticlinal  theory  as  a  guide 
in  developing  gas-territory  is  not  likely  to  prove  altogether  satis- 
factory, is  because  its  adherents  are  apparently  losing  sight  of  the 
fact  that  gas-wells  may  also  occur  in  synclinals,  or  where  there  is 
no  trace  of  either  an  anticlinal  or  synclinal. 

We  know  that  the  porous  portions  of  the  productive  oil-  and  gas- 
rocks  exist  in  belts  and  pools  isolated  from  each  other  by  areas  of 
rock  too  fine-grained  and  close  to  hold  or  yield  quantities  commer- 
cially important.  The  quantity  of  gas  that  may  exist  in  any  one  of 
these  patches  or  belts  of  porous  rock  is  necessarily  limited  by  the 
quantity  of  water  present.  If  the  rock  is  entirely  filled  with  water 
we  can  expect  no  gas;*  if  on  the  other  hand  the  rock  contains  no 
water,  we  may  expect  gas  throughout  the  porous  portion  of  the  rock 
whether  this  be  found  in  a  synclinal  or  upon  an  anticlinal.  Be- 
tween these  two  extremes  we  may  have  any  and  every  variable 
quantity  of  water  and  gas.  If  the  water  present  is  sufficient  to  fill 
only  25  per  cent,  of  the  voids  in  the  rock,  75  per  cent,  of  the  area 
of  that  particular  porous  patch  will  be  productive  gas  territory,  and 
if  one  end  of  this  reaches  an  anticlinal,  and  is  punctured  by  wells 
located  on  the  anticlinal  theory,  that  portion  equally  good  for  gas, 
extending  down  the  slope  of  the  anticlinal  and  reaching  almost  per- 
haps to  the  bottom  of  the  synclinal,  will  be  passed  over  as  worthless 
by  the  strict  adherent  to  the  anticlinal  theory  as  at  present  used. 

The  "belt-line"  theory  of  oil  was  found  to  be  true  within  certain 
limits  and  with  certain  qualifications;  and  any  map  of  the  produc- 
tive oil-districts  shows  that  the  productive  (porous)  streaks,  belts 
and  patches  are  more  or  less  continuous  along  certain  lines,  which 
may  be  either  curved  or  straight.  This  theory  proved  useful,  and 
would  have  given  better  results  had  not  its  believers  persistently 
adhered  to  it  when  and  where  it  could  be  of  no  further  use.  This 
course  was  followed  by  so  many  disheartening  failures  that  some  of 
the  most  enthusiastic  "belt-line"  operators  finally  went  to  the  other 
extreme  and  denounced  it  as  entirely  false. 

As  we  have  good  reason  to  believe  that  the  areas  of  porous  gas- 
rock  will  be  found  in  patches,  belts  and  streaks  similar  to  the  distri- 
bution of  porous  oil-rock  in  Butler,  Clarion  and  Venango  counties, 
the  belt-line  theory  should  appeal  to  the  gas-producer  as  an  aid  in 
tracing  out  productive  territory. 

We  have,  then,  the  anticlinal    theory  and  the  belt-line  theory, 

*  Other  than  the  small  quantity,  about  5  per  cent.,  held  in  solution. 
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iieitlier  of  which  is  complete  or  entirely  sufficient  in  itself,  but  both 
alike  valuable  and  useful  within  certain  limits;  and  by  judiciously- 
combining  these  theories,  it  seems  probable  that  the  prospect  of  being 
able  to  locate  good  territory  in  advance  of  developments  would  be 
considerably  increased.  In  other  words,  the  natural-gas  expert  will 
probably  double  or  treble  the  chances  of  obtaining  a  good  location 
for  wells  in  both  productive  and  undeveloped  territory  if  he  relies, 
not  upon  either  of  these  theories  alone,  but  upon  the  two  combined. 

The  geologist  can  trace  out  the  anticlinals  by  surface  observations, 
and  locate  them  with  sufficient  accuracy  for  all  practical  purposes  ; 
but  in  determining  the  trend  of  the  porous  streaks  or  belts  he  must 
rely  upon  the  records  of  wells  already  drilled,  just  as  the  oil-pro- 
ducer in  the  past  has  determined  his  belt-lines"  from  data  furnished 
by  preceding  operations.  Thus  by  reasoning  from  the  known  to 
the  unknown,  all  of  the  great  Clarion-Butler  oil  belt  was  eventu- 
ally developed. 

In  the  same  way  the  gas-producer  must  learn  the  trend  or  bear- 
ing of  each  productive  (porous)  belt  or  rock,  and  trace  it  from  point 
to  point,  the  most  promising  locality  being  found  where  one  of  these 
belt  lines  crosses  an  anticlinal  axis. 

In  the  area  known  as  the  Pittsburgh  gas-district  (embracing  all 
that  portion  of  Pennsylvania  within  some  forty  miles  of  Pittsburgh), 
the  direction  of  these  porous  belts  has  not  yet  been  accurately  de- 
fined. Some  of  the  lines  of  porous  rock  will  doubtless  be  found  to 
vary  considerably  in  bearing  from  others.  The  belt-lines  of  the 
Butler  fields,  for  instance,  will  doubtless  have  a  trend  not  parallel  to 
that  of  the  Murraysville  district. 

We  must  also  not  lose  sight  of  the  fact  that  some  of  the  produc- 
tive areas  may  be  merely  circumscribed  pools  or  patches;  but  even 
in  this  case  a  knowledge  of  the  trend  of  the  porous  patches  will 
enable  us  the  more  readily  to  find  other  such  patches  of  productive 
rock. 

The  oil-producer  is  already  at  work  defining  belt-lines  in  the 
Washington  field,  and  these  lines  may  also  be  of  use  to  the  gas-pro- 
ducer; but  no  greater  mistake  could  be  made  than  in  attempting  to 
apply  them  to  gas-developments  in  other  districts.  Each  district 
must  have  its  own  lines  of  porous  deposition  worked  out  separately. 

To  do  this  thoroughly  will  require  in  each  case  some  time  and 
labor,  but  this  seems  insignificant  compared  with  the  interests  at 
stake. 

In  attempting  to  define  the  trend  of  the  porous  belt  (belt-line) 
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it  will  be  necessary  to  discriminate  carefully  between  the  diiferent 
gas-producing  rocks;  for  if  in  one  locality  the  gas  comes  from  one 
rock,  and  a  well  in  the  same  or  different  locality  is  producing  from 
another — a  higher  or  lower — gas-rock,  it  is  evident  that  we  have 
two  entirely  independent  belts  to  define,  which  may  have  very  dif- 
ferent trends.  Thus,  in  the  Butler  oil  district  the  "  third  sand  "  belt- 
line  was  commonly  taken  at  about  N.  22°  E.,  or  N.  22^°  E.,  while 
the  "  fourth  sand  "  belt-line  curved  from  N.  45°  E.  at  Modoc  to 
nearly  due  east  and  west  near  Brady's  Bend  ;  and  the  "  second  sand  " 
belt  at  Martinsburg  had  a  still  different  bearing. 

This  method  is  suggested  for  the  Pittsburgh  district  as  most  likely 
to  give  the  best  results,  and  is  applicable  to  wells  drilling  for  gas 
in  any  sand  from  the  Conglomerate  No.  XII.,  down  to  the  Butler 
fourth  sand ;  but  in  any  development  in  the  Catskill  or  Devonian 
rocks  underlying  the  Venango-Clarion-Butler  oil-group,  this  method 
should  probably  be  modified,  or,  perhaps,  even  dismissed  ;  for  the 
conditions  during  deposition  were  evidently  quite  dissimilar  and 
the  porous  areas  of  these  lower  rocks  were  deposited  in  great  broad 
patches  of  irregular  shape. 

Nor  would  this  theory  be  of  any  use  in  the  new  Ohio  district, 
where  gas  is  obtained  from  the  Lower  Silurian  rocks.  I  therefore 
limit  the  use  of  this  "anticlinal  belt-line"  method  to  the  search 
after  gas  in  rocks  not  deeper  or  older  geologically  than  the  Venango- 
Butler-Clarion  group  of  oil-sands.  In  any  other  district,  where  a 
series  of  deposits  is  found  exhibiting  the  characteristics  of  this  group, 
the  theory  would  be  applicable.  Hence  I  anticipate  its  successful 
application  in  all  that  country  lying  south,  southwest,  and  west 
of  the  Venango-Clarion-Butler  oil-field,  and  extending  perhaps  far 
into  the  Southern  and  Western  States. 

In  the  area  north,  northeast,  and  northwest  of  Venango  County, 
explorations  should  doubtless  be  based  upon  other  considerations. 

While  I  believe  that  each  of  these  theories  may  be  useful  to  the 
gas-producer,  and  that  the  adoption  of  a  plan  which  recognizes  both, 
will  be  followed  by  better  results  than  the  adoption  of  one  to  the 
exclusion  of  the  other,  I  do  not  believe  them  equally  valuable.  Or 
the  two,  the  so-called  "  belt-line"  theory  seems  far  more  promising. 
Stated  in  broader  terms  than  as  commonly  understood  by  the  oil- 
producer,  it  is  simply  an  expression  of  an  established  fact,  viz.,  that 
the  principal  porous  portions  of  the  Venango-Butler  oil-gas-rocks 
exist  along  certain  lines  of  coarser  deposition,  and  that,  when  we 
have  determined  the  trend  of  a  porous  area,  the  continuation  of  this 
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area,  or  other  similar  detached  areas,  will  probably  be  found  nearly 
in  continuation  of  this  general  trend  or  "  belt-line." 

As  the  necessary  prerequisite  to  the  existence  of  gas  or  oil  is  an 
area  of  porous  rock,  this  method  would  seem  more  valuable  than  the 
anticlinal  method  ;  for  the  latter  can  only  be  of  use  when  and  where 
the  porous  rock  exists.  In  other  words  these  porous  belts,  pools, 
and  streaks  can  be  more  easily  discovered  by  tracing  them  from  point 
to  point  than  by  boring  at  haphazard  along  the  line  of  an  anticlinal 
axis. 

Were  the  possibility  of  obtaining  gas  confined  to  one  rock,  the 
utility  of  the  anticlinal  method  would  indeed  be  small,  for  hundreds 
of  wells  might  be  drilled  along  an  anticlinal  axis  without  striking 
the  point  where  a  porous  belt  or  pool  crossed  the  axis;  but  we  have 
also  to  consider  the  possibility  of  obtaining  gas  from  more  than  one 
rock.  This  possibility  increases  the  chance  of  success  along  anti- 
clinal lines,  just  as  it  increases  the  chance  of  success  in  a  well  located 
at  any  point,  whether  on  an  anticlinal  or  not. 

In  the  Pittsburgh  district  the  first  oil-sand  (Butler  County 
"second"  sand)  of  the  Venango  group  is  the  principal  present  pro- 
ductive rock.  It  seems  to  have  a  much  greater  outspread  and  a 
larger  range  and  distribution  of  porous  areas  than  the  underlying 
("  second,"  "  fifty  foot,"  "  third,"  and  Butler  "  fourth  ")  sands.  It 
is  perhaps  also  thicker  than  the  average  thickness  of  any  one  of 
these  other  sands.  For  these  reasons,  and  also  because  it  is  known 
to  be  so  wonderfully  prodnctive,  it  will  probably  continue  to  be  the 
principal  gas-producing  rock  of  this  Pittsburgh  district,  and  the 
chief  object  of  search  by  the  gas-producer. 

In  this  ca.se,  the  desideratum  will  be  to  trace  out  its  porous  areas; 
and  in  prosecuting  such  a  search,  the  so-called  anticlinal  theory  can 
afford  no  assistance.  After  this  has  been  done,  that  theory  will, 
perhaps,  aid  the  producer  in  so  locating  his  wells  as  to  avoid  the 
water-logged  areas. 

I  speak  of  this  as  the  "so-called"  anticlinal  theory,  because 
the  terra  does  not  properly  describe  it.  I  understand  it  to  be  a 
theory  that  gas  will  rise  to  the  higher  portions  of  a  rock,  and  that 
the  salt  water  will  be  found  in  its  lower  portions.  This  separation 
must  necessarily  be  confined  to  the  limits  of  each  porous  belt  or  pool ; 
and  it  may  often  happen  that  the  gas  cannot  rise  directly  up  the 
slope  of  an  anticlinal,  by  reason  of  the  rock  not  being  porous  in  that 
direction,  but  may  move  diagonally  upwards  along  the  flank  of  an 
anticlinal  until  it  finally  reaches  the  centre  of  a  synclinal.     This  is 


10  THE   ANTICLINAL   THEORY   OF   NATURAL   GAS. 

possible,  because  the  anticlinals  of  Western  Pennsylvania  are  not 
horizontal  rolls,  but  each  anticlinal  and  synclinal  has  usually  a  con- 
siderable fall  towards  the  southwest,  thus  materially  complicating 
the  problem;  for,  as  Mr.  Ashburner  has  observed,  some  points  in 
the  synclinals  may  be  higher  than  points  on  the  crest  of  an  anticlinal 
further  southwest. 

However,  while  this  fact  should  be  borne  in  mind,  it  is  likely  to 
affect  only  a  small  number  of  cases  ;  since,  as  a  rule,  the  rate  of 
dip  south westwardly  along  the  more  pronounced  anticlinals  and 
synclinals  is  small  as  compared  with  the  dip  northwest  and  south- 
east from  the  anticlinals.  But  in  districts  where  the  anticlinals  are 
not  well  developed,  it  becomes  a  most  important  consideration. 

In  an  article  published  in  Science  for  June,  1885,  and  in  a  later 
article  in  the  Petroleum  Age  (March,  1886)  Professor  I.  C.  White 
defines  the  "  anticlinal  theory  "  in  much  more  specific  terms,  asserting 
that  "  all  great  gas  wells  are  found  on  anticlinal  axes,"  and  denying 
the  possibility  of  their  existence  in  other  locations.  This  definition 
appears  to  me  to  be  in  direct  conflict  with  the  known  facts  and  with 
any  rational  explanation  of  gas  well  phenomena. 

The  yield  of  any  given  area  of  porous  rock  will  depend  upon  the 
pressure  under  which  the  gas  exists;  and  to  explain  the  enormous 
flow  from  what  appear  to  be  comparatively  small  areas  of  rock,  it 
has  been  frequently  suggested  that  the  gas  exists  as  liquid.  I  believe 
the  following  considerations  are  sufficient  to  disprove  this  hypothesis. 

As  the  gas-reservoirs  are  nearly  horizontal  rocks,  overlaid  by 
nearly  horizontal  beds  of  sandstone,  shale,  slate,  etc.,  it  is  evident 
that  the  gas-pressure  must  be  less  than  the  weight  of  these  overlying 
rocks;  for  whenever  this  pressure  over  a  considerable  area  becomes 
greater  than  this,  it  must  raise  the  rocks  in  a  gentle  arch,  thus  open- 
ing the  cleavage  planes  and  joints  and  forming  fissures  through 
which  the  gas  would  escape  to  the  surface.  After  the  pressure  was 
relieved  in  this  way  the  rocks  would  settle  down  and  the  fissures 
would  eventually  become  closed  by  sediments  (clay,  calcite,  etc.) 
from  percolating  waters,  when  a  secondary  accumulation  of  gas  might 
take  place. 

As  these  rocks  weigh  from  135  to  155  pounds  per  cubic  foot,  we 
may  take  144  pounds  as  an  average,  this  giving  us  a  convenient 
figure  for  ready  use,  being  one  pound  of  pressure  per  square  inch  for 
every  foot  in  depth  ;  thus,  at  a  depth  of  1500  feet  the  weight,  and 
consequently  the  maximum  gas-pressure  possible,  would  be  1500 
pounds  per  square  inch,  or  100  atmospheres.    The  existence  of  much 
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greater  pressure  in  small  circumscribed  areas  is  possible,  but  would 
probably  l>e  accompanied  by  earthquake-phenomena,  which,  so  far, 
have  not  been  experienced  in  this  part  of  Pennsylvania. 

Having  then  established  a  series  of  actual  maximum  pressures,  it 
remains  to  be  seen  whether  the  gas  may  not  exist  in  liquid  form  at 
or  below  these  pressures. 

The  average  range  in  composition  of  natural  gas  may  be  taken  as: 

Per  cent. 

Hydwgen 5.00  to  20.00 

Nitrogen, 1.00  to  12.00 

Mai>h-gas  (Methane  CH J, 60.00  to  80.00 

Ethane  C.,He, 1.00  to    8.00 

Propane  CjHg 0.00  to    2.00 

Carbonic  acid  gas, 0.30  to    2.00 

Carbonic  oxide traces. 

Ilhiminating  hydrocarbons, 0.00  to    1.00 

Hydrogen  and  nitrogen  require  enormous  pressures,  and  a  most 
intense  degree  of  cold  to  effect  and  maintain  liquefaction. 

Ethane  is  liquefied  according  to  Dewar*  at  a  temperature  of  35° 
C.  at  45.2  atmospheres.  Propane  is  liquefied  at  atmospheric  pres- 
sure at  a  temperature  of  —  25°  C.  to  —  30°  C.,t  and  at  normal 
temperature  at  quite  moderate  pressure.  These  gases  may,  therefore, 
exist  as  liquids,  but  being  present  in  small  quantity  may  be  held 
in  suspension  by  the  other  ga.ses. 

The  great  bulk  of  the  gas,  however,  consists  of  hydrogen,  nitrogen, 
and  marsh-gas,  and,  of  these,  the  latter  (marsh-gas)  is  the  most 
easily  liquefied  ;  but  Professor  Dewar  (ibid.)  shows  that  at  — 99.5° 
C  a  pressure  of  50  atmospheres  is  required,  and  the  experiments  of 
Callaitet;};  show,  that  at  — 11°  C.  a  pressure  of  180  atmospheres  is 
required,  the  pressure  increasing  very  rapidly  as  the  temperature  is 
raised. 

The  temperature  of  water  and  oil  brought  up  from  depths  of  1000 
or  1500  feet  under  ground,  demonstrates  beyond  doubt  that  the 
temperature  increa.ses  with  the  depth,  and  is  not  less  than  60°  or 
70°  Fahr.,  and  may  be  80°  or  90°  Fahr.  In  any  event,  the  sup- 
position of  a  low  temperature  underground  is  absolutely  inadmissible. 

The  pressure  necessary  to  liquefy  marsh-gas  at  60°  or  70°  Fahr. 
is  not  known,  but  very  great  pressures  (several  hundred  atmospheres) 

*  London,  Edinburgh,  and  Dublin  Philosophical  3fagazine,  1884,  page  214. 

t  .Stated  as  too  high,  ibid. 

X  Roscoe  and  Schorlemmer,  Organic  Chemiilry,  vol.  iii.,  pt.  i.,  1882. 
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have  been  found  insufficient  to  effect  its  liquefaction  at  such  a  tem- 
perature. 

Hence  it  appears  that  a  pressure  very  much  in  excess  of  the  max- 
imum possible  pressure  would  be  required  to  liquefy  or  to  maintain 
the  liquefaction  of  this  gas :  and  it  therefore  follows  that  this  gas  must 
exist  in  the  [X)rous  reservoirs  in  which  it  is  found  as  a  gas  and  not 
as  a  liquid. 

Having  given  then  a  maximum  pressure,  and  knowing  the  maxi- 
mum porosity  of  these  sandstones  (ratio  of  open  spaces  to  the  bulk 
of  the  rock),  it  becomes  only  a  matter  of  calculation  to  determine 
the  maximum  possible  yield  of  gas  from  a  definite  area  of  a  rock  of 
certain  thickness.  In  an  article  recently  published  in  the  Iron  Age* 
I  have  shown  how  such  a  method  can  be  applied  in  estimating  the 
probable  yield  from  the  gas-rock  of  the  Pittsburgh  district. 

The  following  formula  may  be  used  : 

X  =  -\2Sabtvp 
where 

X  =  maximum  yield  in  millions  of  cubic  feet, 
a  =  area  in  square  miles, 

b  =  percentage  of  area  productive,  i.  c,  porous, 
t  =  average  thickness  of  porous  portion  of  rock, 
V  =  ratio  of  voids  or  open  spaces  to  bulk  of  the  rock,  generally  less 

than  one-sixth, 
p  =  pressure  in  atmospheres. 

An  estimate  made  in  this  way,  on  the  assumption  of  a  porous 
rock  30  feet  thick,  one-sixth  porosity,  one-tenth  of  total  area  pro- 
ductive, under  pressure  of  750  pounds  per  square  inch,  for  a  district 
30  miles  in  all  directions  from  Pittsburgh,  gave  a  maximum  possible 
yield  of  about  two  million  million  cubic  feet— 2,000,000,000,000— 
which  would  all  be  needed  to  replace  a  consumption  of  coal  equal 
to -20,000  tons  daily  for  about  eight  years.  In  the  absence  of  any 
better  argument,  the  wonderful  productiveness  of  some  wells  has 
been  urged  as  a  reason  why  such  estimates  cannot  be  true.  Thus 
the  case  of  the  first  Murraysville  well  has  been  suggested  as  showing 
a  greater  volume  of  gas  than  such  a  method  would  indicate.  Allow- 
ing the  extreme  estimate  of  30  million  feet  per  day  for  this  well, 
amounting  to  10,950  million  feet  per  year,  for  the  ten  years  during 

*  March  25tli,  1886.  f  More  accurately  27.878400. 
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which  it  has  been  blowing  off,  we  have  a  total  production  of  109,500 
million  cubic  feet.  A  sandrock  of  the  above  assumed  thickness, 
porosity,  etc.,  will  yield  about  7000  million  cubic  feet  per  square 
mile.  If  60  feet  thick,  and  under  a  pressure  of  1000  pounds  per 
square  inch,  the  yield  will  be  about  18,500  million  cubic  feet  per 
square  mile,  requiring  then  all  the  gas  from  six  square  miles.  If, 
however,  this  well  is  producing  from  a  pool  or  belt  of  such  a  rock 
twenty-four  square  miles  in  area,  its  effect  during  a  period  of  ten 
years  would  be  to  simply  reduce  the  pressure  from  1000  pounds  to 
750  pounds  per  square  inch.  It  should  always  be  borne  in  mind 
that  the  gas  can  just  as  easily  find  its  way  through  miles  of  porous 
rock  to  the  well,  as  through  the  miles  of  pipe  laid  from  the  well  to 
the  consumer,  an<l  that  any  one  well  may  draw  its  supply  from  a 
verv  larofe  area  of  rock. 


iV'OT^S  ON  MINING  IN  OAXACA. 

BY  W.   A.    HOOKER,  E.M.,  NEW  YORK  CITY. 
(Bethlehem  Meeting,  May,  1886.) 

This  portion  of  Mexico  is  quite  beyond  the  ordinary  routes  of 
travel,  and  is  seldom  visited.  Its  mines  have  not  the  record  of 
enormous  wealth  which  has  recently  attracted  foreign  capital  to 
other  parts  of  the  republic;  but  for  many  centuries  it  has  been  a 
mining  country,  and  at  some  periods  evidently  a  productive  one. 
In  1881  the  writer  visited  the  State  and  spent  some  time  in  the 
inspection  of  the  mines.  The  absence  of  published  information 
regarding  its  mining  industry  is  his  apology  for  presenting  to  the 
Institute  these  notes  on  the  subject. 

Oaxaca  is,  with  one  exception  (Chiapas),  the  most  southerly  of 
the  Mexican  States.  It  extends  from  latitude  18°  20'  to  15°  45'  N. — 
about  180  miles,  by  some  300  miles,  in  an  east  and  west  direction, 
and  embraces  a  large  part  of  the  Isthmus  of  Tehuantepec. 

The  coast-line  is  wholly  on  the  Pacific.  The  State  has  an  area 
of  27,470  square  miles,  nearly  that  of  the  State  of  Maine,  and  a 
population  estimated  at  one  million,  or  thirty-six  to  the  square  mile. 

The  great  continental  Cordillera  which  farther  north  and  west 
expands  into  broad  table-lands,  is  here  converged  into  narrower 
limits  and  occupies  the  greater  portion  of  the  country;  the  main 
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range  trending  diagonally  across  the  State  with  an  elevation  of 
from  7000  to  9000  feet,  and  culminating  in  the  volcanic  peak  of 
Zimpoaltepec,  the  eighth  in  height  of  the  mountains  of  Mexico,  at 
an  altitude  of  11,128  feet.  These  mountains  are  universally  cov- 
ered with  verdure  and  capped  with  forests  of  oak  and  pine,  their 
steep  flanks  being  often  occupied  with  fields  of  corn,  while  the 
abrupt  valleys  between  them  always  contain  swift  running  streams. 
The  broader  valleys  and  table-lands  are  also  well  watered,  and  the 
soil  throughout  the  State  is  wonderfully  productive.  In  no  other 
part  of  the  continent  do  the  different  climatic  zones,  resulting  from 
changes  of  altitude,  follow  each  other  in  such  raj)id  succession  ;  and 
the  diversity  of  topographical  feature,  from  the  low  hot  lands  of  the 
coast  to  the  high  mountain  slopes  of  the  interior,  with  the  fertility 
of  the  soil  and  an  abundant  rainfall,  result  in  a  variety  and  luxu- 
riance of  crops  unexcelled  in  any  country.  Among  them  are  sugar- 
cane, indigo,  rice,  tobacco,  vanilla,  coffee,  wheat,  corn,  and  barley, 
with  the  fruits  of  the  tropics  and  of  the  temperate  zone. 

In  former  years,  Oaxaca  was  the  principal  source  of  supply  in 
the  cochineal  industry.  At  present,  coffee,  sugar-cane  and  corn  are 
the  most  important  products,  the  latter  being  the  principal  article 
of  food.  In  some  parts  of  the  State  three  crops  of  it  are  gathered 
yearly. 

The  population  is  almost  exclusively  Indian,  a  docile,  reliable, 
and  usually  hard-working  people,  although  sometimes  rendered 
indolent  by  the  fruitful  nature  of  the  soil  which  they  cultivate 
with  so  little  labor. 

Intercommunication  is  difficult.  Wagon-roads  exist  only  between 
the  capital  and  a  few  of  the  larger  towns ;  and  transportation,  ex- 
cept in  the  case  of  bulky  commodities,  for  which  pack-animals  are 
employed,  is  effected  on  the  backs  of  men  and  women.  Aside  from 
the  main  highways,  there  are  no  inns  or  other  provision  for  trav- 
ellers, but  among  the  higher  classes  a  gracious  hospitality  prevails. 

The  mechanical  appliances  are  of  the  most  primitive  sort,  and 
there  is  apparent,  as  is  common  among  such  peoples,  a  strong  con- 
servatism and  distrust  of  innovation.  The  plough  is  made  wholly 
of  wood,  and  is  much  the  same  as  that  of  the  ancient  Egyptians, 
the  oxen  being  attached  to  the  beam  by  a  cross-piece  fastened  to 
their  horns  instead  of  a  yoke.  An  attempt,  some  years  since,  to 
introduce  the  American  })lough  proved  abortive.  I  have  seen  an 
axe  in  use,  in  which  the  wedge-shaped  head  was  set  in  a  rectangular 
eye  in  the  helve;  and  the  plane  is  handled  as  it  is  by  the  Chinese. 
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Minino^  tools  also  are  somewhat  rude;  drillinor  is  usually  done 
single-handetl  and  dry,  and  pumps  are  worked  by  men  or  by  mule- 
power.  A  single  exception  was  noted,  where  the  motive  power  was 
a  turbine-wheel  gcaretl  at  a  distance  of  some  750  feet  horizontally 
from  the  pump.  The  contrivance  was  more  curious  than  effective. 
But  one  steam-engine  was  to  be  seen  throughout  all  the  mines  and 
reduction  works,  water-power,  of  which  fortunately  there  is  no  lack, 
being  exclusively  employed. 

In  the  mining  industry,  as  in  others,  the  need  of  commercial 
relations  is  strongly  felt.  Carriage  is  difficult  and  expensive,  and 
the  lack  of  properly  constructed  machinery  has  restricted  the  work 
to  comparatively  narrow  limits. 

Nevertheless,  the  metallurgical  methods  are  reasonable  and  effec- 
tive, although  always  carried  on  in  a  small  way.  Smelting  is  rarely 
resorted  to.  Amalgamation  in  tiie  arrastra  for  gold-ores,  in  barrels 
for  base  and  high-grade  silver-ores,  and  on  the  patio  floor  for  pure 
silver-ores  of  low  grade,  are  the  methods  employed.  The  very  rich 
selected  ores  are  shipped  to  England  for  treatment,  and  the  refining 
of  bullion  is  carried  on  in  the  government  mint  in  the  city  of 
Oaxaca.  Where  gold  and  silver  are  to  be  parted,  the  bars  require 
to  be  sent  to  Mexico.  The  metals  mined  are  specially  gold  and 
silver.  Copper  and  lead,  in  sufficient  quantities  to  merit  attention, 
occur,  so  far  as  known,  in  a  few  localities  only. 

There  are,  by  a  natural  division,  three  principal  districts  in  the 
State  in  which  the  conditions  are  somewhat  distinct :  (1)  that  of  the 
Sierras  of  the  department  of  Villa  Alta,  where  the  prominent  fea- 
ture of  the  ores  is  the  almost  universal  association  of  silver  with 
the  base  metals,  lead,  zinc,  iron,  and  copper;  (2)  the  district  of  the 
mountains  in  the  department  del  Centro^  to  the  west  of  the  capital, 
which  is  exclusively  a  gold -region ;  and  (3)  the  territory  lying  to 
the  south  of  the  capital  in  the  departments  o^  Ejutla  and  Tlacolula, 
where  a  marked  characteristic  of  the  ores  is  the  absence  of  base 
metals, 

1.  The  Department  of  Villa  Alta. — The  first  of  the  districts  enu- 
merated is  the  most  prominent  in  age,  output,  and  the  number  of 
mines  opened.  It  properly  embraces  several  different  mineral  dis- 
tricts, at  points  more  or  less  remote  from  one  another,  and  includes 
the  mines  in  the  vicinity  of  Ixtepeji,  Ixtlan,  Yavesia,  Solaga,  Talea, 
and  Jayacastepec.  The  first  are  about  twenty-five  miles  from  the 
capital,  while  the  last-mentioned  can  only  be  reached  after  four  or 
five  days' journeying.     There  might  be  enumerated  from  seventy- 


16  NOTES   OX    MINING    IN    OAXACA. 

five  to  one  hundred  mines  and  seven  haciendas  for  the  treatment  of 
the  ores.  At  present  writing,  however,  the  production  is  small. 
Some  of  the  mines  have  been  abandoned  ;  many  have  reached  a 
depth  beyond  which  it  is  impossible  to  work  without  machinery; 
and  in  others,  exploitation  proper  has  not  commenced.  In  several 
important  instances,  tunnels  of  considerable  extent  still  lack  some- 
thing of  reaching  the  systems  of  veins  which  they  are  designed 
to  cut. 

Little  can  be  said  of  the  geology  of  these  mountains.  The  rock- 
formation  is  almost  always  concealed  at  the  surface  by  luxuriant 
vegetation.  Granite,  gneiss,  slates,  and  crystalline  schists  form  the 
usual  exposures,  and  in  some  cases  limestone  and  recent  volcanic 
rocks  appear.  The  veins  are  almost  universally  true  fissures,  al- 
though there  may  be  some  instances  of  bedded  veins  carrying  gold. 
The  veinstone  is  generally  quartz. 

There  is  considerable  diversity  in  the  ores  of  different  localities, 
and  the  association  of  gold  and  silver  with  the  base  metals  is  not 
universal.  In  this  part  of  the  State  the  working  of  the  mines  is, 
to  a  great  extent  at  present,  done  on  tribute,  the  proprietor  furnish- 
ing the  powder  and  tools,  and  paying  for  the  ore  produced  at  a  fixed 
schedule  of  prices.  While  this  plan  requires  little  outlay,  and  in- 
volves the  owner  in  few  of  the  vicissitudes  common  to  the  business, 
it  need  hardly  be  added  that  it  works  the  destruction  of  the  mines. 
In  such  cases  the  "searcher  "  aims  to  extract  most  ore  with  what 
he  conceives  to  be  least  labor  ;  the  ore  is  followed  wherever  it  may 
lead,  without  regard  to  ventilation  or  drainage;  no  dead  work  is 
done ;  and  when  his  burrow  becomes  filled  with  water,  or  too  foul 
to  work  in,  he  abandons  it  and  seeks  a  new  point  of  attack.  Almost 
universally  the  tunnel  or  gallery  descends  as  the  work  advances. 
Of  course  there  are  exceptions,  and  some  of  the  mines  are  worked 
in  an  intelligent  and  reasonable  manner;  but,  in  almost  all  cases 
where  the  workings  are  of  any  considerable  dimensions,  they  are  as 
intricate  and  unsystematic  as  Mexican  mines  in  general. 

Labor  is  cheap,  miners  being  paid  30  cents  a  day.  The  ores  are 
always  carefully  selected  at  the  mines,  being  broken  to  the  size  of  a 
walnut,  and,  as  far  as  possible,  the  gangue  is  removed.  The  silver- 
ores  treated,  run  ordinarily  from  50  ounces  to  150  ounces  per  ton, 
exclusive  of  the  richer  portions,  which  are  exported.  The  ores  of 
the  district  are  beneficiated  in  seven  different  establishments,  all  of 
them  small,  the  largest  having  a  capacity  of  not  more  than  120  tons 
per  month.     They  have  in  the  aggregate  46  stamps,  17  barrels,  20 
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arrastras,  and  12  reverberatoiy  furnaces.  Several  have,  also,  patio 
flooi-s,  shaft-  and  cnpel-fiirnaces,  and  one  is  provided  with  roasting- 
stalls.  These  works  were  all  located  many  years  ago,  and,  although 
constructed  in  the  most  elaborate  and  substantial  manner,  are  now 
in  a  partially  ruinous  condition.  In  certain  cases,  the  circumstances 
determining  the  location  have  changed,  involving  a  long  carriage 
from  the  mines.  None  of  the  ores  are  at  present  smelted,  although 
this  j)rocoss  might,  in  some  instances,  be  advantageously  used;  and 
little  ore  suitable  for  the  patio  is  now  raised.  The  general  treatment 
is  by  barrel  amalgamation,  and  in  the  arrastra  for  gold-ores.  There 
appeal's  to  be  no  good  rejison  for  much  of  the  apathy  now  exhibited 
in  this  part  of  the  State.  Machinery,  capital,  and  enterprise  only  are 
wanting  to  make  it  as  busy  and  productive  as  at  any  former  epoch. 

2.  The  Department  del  Centro. — The  gold-mines  in  the  depart- 
ment del  Centro  are  reached  in  a  day's  journey  from  the  capital, 
being  from  forty-five  to  fifty  miles  to  the  westward,  in  the  mountains 
which  bound  the  Valle  Grande  on  this  side.  Gold  is  mined  at  San 
Miguel  Peras,  Peuoles  and  several  other  localities.  The  most 
noticeable  mines  are  in  the  vicinity  of  Peras.  The  formation  here 
is  gneiss  and  bedded  granite,  traversed  by  numerous  parallel  veins 
of  quartz,  having  a  general  dip  towards  the  southwest  at  low  angles 
from  the  horizontal.  In  one  locality  there  are  twelve  or  more  of 
these  veins,  from  1  to  10  feet  in  thickness,  separated  by  intervals  of 
from  30  to  150  feet.  There  are  eighteen  mines  here,  of  more  or 
less  consequence,  some  having  been  worked  for  thirty  years,  while 
many  are  of  recent  discovery.  None  of  them  are  very  extensive  or 
of  any  considerable  depth,  the  surface-ores  being  the  most  valuable, 
and  the  general  conditions  such  as  have,  in  other  parts  of  the  State, 
precluded  deep  mining. 

The  ores  produced  are,  first,  oxidized  ores;  and  secondly,  sul- 
phuret  ores,  essentially  iron  pyrites,  with  occasionally  a  little  copper 
pyrites.  The  gold  is  both  free  and  combined.  Pyrites  becomes  in 
places  mispickel  and  pyrrhotite;  breasts  of  the  latter  were  observed 
3  to  4  feet  in  thickness,  but  this  carries  little  gold,  and  is  not 
worked.  The  ores  of  Peras  are  treated  in  two  haciendas,  having  16 
stamps  and  14  arrastras.  The  former  are  used  merely  to  reduce  the 
ore  in  size  before  grinding  in  the  arrastra  with  mercury.  The  yield 
by  this  treatment  is  stated  to  be  from  $10  to  $40  per  ton,  and  from 
110  to  150  tons  are  despatched  per  month.  All  ores  are  reduced 
raw,  but  roasting-furnaces  are  in  contemplation.     Pefloles  was  not 
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visited.  The  other  mines  in  the  district  have  much  the  same  char- 
acteristics as  those  described. 

The  situation  and  prospects  of  the  Peras  mines,  especially,  are 
most  favorable.  The  distance  to  Oaxaca  is  small,  and  wagon-roads 
already  exist  a  portion  of  the  way;  the  climate  is  perfect;  the 
mountains  are  well  wooded,  and  the  water-power  is  remarkably  fine. 
The  altitude  is  about  6800  feet.  Labor  is  worth  37J  cents  per  day, 
although  mining  work  is  paid  by  weight  or  the  piece.  Mercury 
costs  about  $75  per  hundred  pounds,  but  the  price  of  this  article  in 
Mexico  varies  greatly  at  different  periods. 

3.  The  Departments  of  Ejutla  and  Tlacolula. — The  mining  district 
southerly  from  the  capital,  according  to  the  division  above  made, 
embraces  the  veins  in  the  vicinity  of  Taviche,  Totolapa,  Soledad, 
and  Quiechapa ;  the  ores  of  all  these  localities  being  marked  by  the 
absence  of  the  base  metals.  Gold  occurs  infrequently.  The  silver 
occurs  in  the  form  of  proustite,  pyrargyrite,  and  other  sulphurets, 
and  less  frequently  as  cyrargyrite  and  native  silver.  The  formation 
varies  in  different  parts.  The  exposures  observed  were  porphyries, 
slates,  and  tertiary  volcanic  rocks — and  limestones  ;  but  I  met  with 
no  deposits  of  ore  in  the  latter  formation.  The  veins  examined 
were  universally  fissure-veins  of  quartz,  many  of  them  narrow,  some 
of  large  dimensions.  Few  of  them  were  known  to  the  early 
Spaniards,  a  large  proportion  being  of  recent  discovery.  A  num- 
ber of  the  mines  have  been  opened  and  worked  in  a  regular  and 
systematic  manner,  and  are  well  ventilated  and  drained,  although 
unprovided  with  machinery,  I  know  of  but  three  haciendas  in  the 
district  for  the  treatment  of  its  ores,  and  their  capacity  is  inadequate 
even  for  the  present  output.  The  product  of  some  of  the  mines 
requires  to  be  transported  a  long  distance,  so  that  in  some  cases  only 
the  very  rich  ore  is  utilized.  Some  of  the  localities  are  less  boun- 
tifully supplied  with  wood  and  water  than  others,  but  in  general 
there  is  no  lack  of  these  requirements. 

This  district  possesses  many  attractions.  The  majority  of  the 
mines  are  easily  accessible,  and  may  be  reached  in  a  day's  journey 
from  the  capital ;  good  wagon-roads  exist  nearly  to  the  mines,  tra- 
versing the  most  populous  and  fertile  part  of  the  State;  the  ores 
are  rich  and  easily  beneficiated  and  occur  in  veins  of  good  width, 
and  there  is  much  virgin  territory.  The  haciendas  referred  to  are 
those  of  St.  Martin,  Dolores,  and  Rosario.  The  former  was  not 
visited.     Dolores  has  6  stamps,  2   barrels,   1  chlorination-furnace, 
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as-;ay-offioo,  melting-roora,  etc.     The  hacienda  of  Rosario  has  been 
made  the  puhject  of  a  separate  paper. 

4.  Other  Localities. — There  are  some  localities  not  properly  in- 
clnde<l  in  the  foregoing  districts,  and  not  visited  by  the  writer,  of 
which  mention  should  be  made.  Among  them  is  Teojoraulco,  lying 
about  one  hundred  and  twenty  miles  by  road  southwesterly  from 
the  c-ajMtal.  Its  veins  have  been  known  for  a  great  many  years,  but 
have  never  been  extensively  worked.  They  were  owned  by  the 
Uniteil  Mexican  Mining  Company  (English);  and  Mr.  Glennie,  the 
sui>erinteudent,  in  a  report  dated  June  13fh,  1827,  spoke  very 
flatteringly  of  their  prospects.  This  company,  however,  did  not 
succeed  here,  nor  (so  far  as  the  writer  knows)  have  any  of  the  sub- 
sequent proprietors  been  fortunate.  The  ores  are  said  to  be  remark- 
ably rich,  and  the  main  difficulty  in  the  way  of  success  appears  to 
have  been  the  situation  of  the  veins  with  reference  to  a  certain 
stream  of  water,  which  has  inundated  the  workings,  and  proved  a 
very  persistent  obstacle  to  exploitation. 

There  are  also  deposits  of  lead-ores  in  limestone,  some  distance 
northerly  from  the  last,  of  which  little  is  known. 

On  the  southern  coast  occur  deposits  of  mercury,  and  many  of 
the  streams  in  this  part  of  the  State  are  reported  to  be  rich  in  gold. 

It  should  also  be  mentioned  that  beds  of  coal  have  been  recently 
discovered  in  the  department  of  Huajuapam. 

Mining  in  Oaxaca,  as  in  many  other  parts  of  Mexico,  is  carried 
on  by  individuals  rather  than  by  corporations.  Transfers  of  prop- 
erty are  rarely  made;  the  capital  invested  is  often  insignificant;  and 
the  number  of  proprietors  actively  engaged  in  the  business  is  very 
small.  The  prominent  mine  owners  might  be  counted  off  on  the 
fingers. 

From  statistics  gathered  in  different  parts  of  the  State,  I  estimate 
the  total  production  to  be  about  $250,000  annually.  There  is  good 
reason  to  believe  that  these  figures  will  be  materially  increased  in 
the  near  future.  I  did  not  hear  of  a  mine  property  in  bonanza.  In 
several  important  instances,  works  of  exploration  or  rehabilitation 
lacked  something  of  com))letion,  and  many  mines  are  lying  idle  or" 
are  worked  only  to  prevent  denouncement. 

From  what  has  been  said,  it  will  be  seen  that  the  mines  of  Oaxaca 
have  not  been  worked  with  the  vigor  which  they  merit.  The  early 
Spaniards,  it  is  true,  were  enthusiastic  miners,  and  their  works,  if 
not  deep,  were  extensive.    They  appear  to  have  investigated,  in  their 
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search  for  the  precious  metals,  all  portions  of  the  State,  and  the 
results  of  their  energy  and  enterprise  may  be  seen  in  every  mining 
locality.  It  is  also  true  that  very  many  of  the  important  veins  now 
known  were  discovered  and  worked  by  them. 

The  Indians  are  not  prospectors,  and  the  majority  of  the  new  dis- 
coveries have  been  rather  the  result  of  accident  than  of  search.  It 
should  be  said,  however,  that  the  country  is  not  an  easy  one  in 
which  to  ])rospect.  Unlike  most  portions  of  our  Western  mining 
regions,  the  rock-forraations  are,  to  a  remarkable  degree,  covered 
with  soil,  in  which  is  rooted  a  luxuriant  vegetation ;  and,  as  a  rule, 
it  is  only  those  veins  which  have  appeared  naturally  at  the  surface 
in  prominent  croppings  that  have  attracted  attention.  It  would 
appear  probable,  therefore,  that  intelligent  search,  by  those  familiar 
with  such  matters,  would  result  in  the  discovery  of  many  mines  now 
concealed. 

It  is,  of  course,  easy  to  criticize  Mexican  methods  of  mining. 
They  are,  however,  only  the  natural  result  of  surrounding  condi- 
tions, and  due  to  the  inferior  mechanical  devices  and  the  meager 
capital  employed,  rather  than  to  any  lack  of  intelligence  on  the  part 
of  those  interested.  Undoubtedly,  improved  machinery  and  tools, 
with  experience  in  more  rational  methods,  would  effect  great  changes. 
One  thing  may  be  said  in  their  favor:  they  generally  result  in  a 
profit,  great  or  small ;  and  there  are,  doubtless,  instances  of  mines 
which,  successful  now  in  a  small  way,  would  prove  failures  if  con- 
ducted upon  more  elaborate  and  exact  principles. 

So  too  of  the  metallurgical  processes:  they  are  sometimes  unques- 
tionably crude,  wasteful,  and  ill-adapted  to  the  particular  ores  under 
treatment,  but  they  are  capable  of  improvement;  and  the  application 
of  better  machinery,  with  a  discriminating  judgment,  will  often 
prove  more  effective  than  that  wholesale  condemnation  which  ignores 
all  conditions  of  climate,  the  temperament  of  the  laboring  classes, 
and  the  general  state  of  commerce. 

Approximate  Altitudes  in  the  State  of  Oaxaea  by  Aneroid  Barometer, 
June  and  July,  1881. 

Base,  City  of  Oaxaea  (Sr.  Niedman  by  mercurial  barometer),  ,     5434  feet. 

Summit  between  Oaxaea  and  Ixtepeji,      .....  9357 

Mine  L'Aurora, 7685 

Mine  Sta.  Gertradiz, 7904 

Haeienda  San  Geronimo, 6869 

Mine  Natividad, .         .  6689 

Socorro, .  6385 
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CiiuMi  Senores 6632 

Siumnit  between  Cinw  Sefiores  and  San  Bartol,         .        .        .  0643 

San  Bartol, 5179 

Yaee, 5091 

Villa  AUa 4331 

Summit  between  Villa  Alta  and  Totontepec 8862 

Totontepec, 6326 

Jayaoastepec, 5445 

Mines  of  Jayacastepec, 5838 

Foni  of  Rio  de  Taba 2073 

Hacienda  Los  Reyes,  near  San  Mignel  Peras,    ....  7158 

Hacienda  La  Soledad, 7709 

Summit  above  Las  Angnstias  Mine, 8087 

Hacienda  Rosario  Rio  de  Totolapam, 3375 

Mines  of  Alta  Grecia, 5714 

Qniechapa, 6237 

Summit  between  Quiechapa  and  Rio  La  Chivia,        .        .         .  8423 

Mine  La  Suerte, 6642 

Mine  San  Onofre, 5445 

Teojomulco  (Sr.  Niedman,  1830), 3079 


NOTE  ON  THE  NEW  CHEMICAL  LABORATOET  OF  THE 
MISSOURI  SCHOOL  OF  MINES. 

BY  PROFESSOR  CHARLES  E.   WAIT,   ROLLA,    MISSOURI. 
(Bethlehem  Meeting,  May,  1886.) 

The  old  laboratory  at  the  School  of  Mines  was  among  the  noto- 
riously l)acl  ones,  being  situated  in  apartments  of  the  main  college- 
buildings  not  originally  intended,  and  conspicuously  unfit,  for  the 
use  to  which  they  were  put ;  while,  as  in  many  of  our  schools  and 
colleges,  the  assaying  was  done  in  the  basement  of  the  college. 
Prominent  among  the  disadvantages  of  such  an  arrangement  are  in- 
sufficient light,  poor  ventilation,  and  little  or  no  provision  to  carry 
off  offensive  gases. 

It  is  not  my  intention  now  to  present  a  complete  description  of 
this  building.  I  wish  merely  to  call  attention  to  a  few  points  in  its 
construction  and  equipment,  which  may  prove  of  interest  to  those 
who  contemplate  erecting  buildings  for  such  work,  and  who  may  be, 
as  we  were  in  this  instance,  limited  as  to  funds. 

In  this  laboratory  every  room  is  well  lighted  ;  all  rooms  used  by 
students  are  well  ventilated,  and  are  provided  with  closed  hoods  for 
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acid  evaporations,  etc.  The  ceilings  in  the  qualitative  and  quanti- 
tative laboratories  are  high,  being  16  feet  at  the  walls,  and  19|  feet 
at  the  center  of  the  rooms,  where  they  take  the  form  of  a  large 
panel.  These  high  ceilings  are  very  pleasant,  and  we  find  no  diffi- 
culty in  keeping  the  laboratories  warm  in  the  coldest  weather. 

Fig  L 


Elevation. 


The  laboratory  is  a  one-story  building,  as  is  shown  in  elevation 
and  plan,  Figs.  1  and  2.  It  has  a  commodious  basement  under  the 
quantitative  laboratory,  in  which  are  located  the  large  anthracite 
furnaces  used  in  heating  the  building  ;  provision  is  also  made  in 
this  basement  for  locating  large  furnaces  for  metallurgical  work,  if 
necessary.  Asrsaying  is  not  done  in  the  basement.  Suitable  arrange- 
ments are  made  for  that  work  in  a  properly  equipped  assay-labora- 
tory on  the  main  floor. 

Ample  provision  is  made  for  gas  and  water.  The  latter  is  de- 
livered to  heavy  porcelain  basins  with  small  perforations  in  the 
bottom,  no  metal  being  i)laced  below  the  lead  ring  and  flashing 
which  make  a  finish  for  the  toj)  of  the  table. 

The  prejudice  against  hoods  for  acid  and  other  objectionable  work 
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induced  me  to  look  with  no   little  interest  into  the  matter.     Some 
chemists,  as  is  well   known,  prefer  evaporating-rooms.     I  have,  in 
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this  instance,  provided  both  evaporating-rooms,  one  for  each  labo- 
ratory, and  spacious  hoods,  which  work  well  and  do  all  that  is 
claimed  for  them. 
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Each  of  the  main  hoods  is  12  feet  long  by  26  inches  deep,  and 
has  three  easily-sliding  windows.  The  height  of  the  hood  is  10  feet, 
and  that  of  the  table,  3  feet  3  inches.  Some  of  the  hoods  are  pro- 
vided with  basins  and  water  ;  all  are  provided  with  gas.  They  are 
made  tight  above,  so  that  all  the  air  exhausted   by  the  flues  must 


Fig.  3. 


Section  of  hood,  ventilating-flues,  uuiin  stack,  etc 

enter  the  hoods  under  the  windows.  Each  hood  is  ventilated  by  a 
flue  9X18  inches,  which  is  a  special  compartment,  built  in  the 
main  stacks  solely  to  ventilate  the  hood.  At  the  bottom  of  the  flue 
a  gas-jet  may  be  used,  if  necessary. 

These  hood-flues  terminate  at  the  top  of  the  heavy  12-inch  iron 
smoke-pipes,  which  are  used  in  connection  with  the  heating-furnaces. 
These  pipes  terminate  about  12  feet  below  the  top  of  the  stacks, 
which  are  52  feet  high. 

In  the  lecture- room  and  in  the  quantitative  laboratory,  the  hoods 
have  not  only  the  flue  just  mentioned,  which   ventilates  the  hoods 
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from  above,  but  a  downward  draft  coninieiicing  at  the  top  of  the 
table,  and  passing  into  the  main  air-chamber,  2^  X  3  feet,  in  the 
stack,  through  wluch  passes  the  smoke  pipe.  In  this  way  we  secure 
in  these  hootls  not  only  an  upward  current,  but,  at  the  same  time,  a 
downward  draft.  This  system  I  have  found  to  be  all  that  could  be 
desired. 

In  cold  weather,  sufficient  draft  in  the  hoods  is  secured  by  the 
fire  in  the  heating-furnaces  and  by  the  movement  of  air  outside,  the 
building  being  isolated  ;  while  in  warm  weather,  if  necessary,  gas  is 
burned  in  the  flues,  or  fire  in  a  wind-furnace  built  in  the  basement 
for  this  purpose.  To  the  latter  expedients,  however,  we  have  not 
yet  had  to  resort.  In  a  word,  the  operation  of  the  hoods  has  been 
thorough  I  v  satisfactorv. 

Fig.  3  represents  a  section  showing  one  of  the  hoods,  main  stack, 
ventilating-flues,  etc. 

In  cold  weather,  thorough  ventilation  is  secured  by  very  large 
ventilators,  two  at  the  floor  and  two  at  the  ceiling,  in  each  labora- 
tory, connecting  with  the  air-chambers  in  the  stacks.  In  the  wall 
between  the  two  laboratories,  at  the  height  of  the  ceiling,  are  two 
very  large  transoms,  each  4X8  feet,  which  may  be  opened  and 
shut  at  pleasure.  These  transoms,  in  connection  with  the  windows 
in  the  two  laboratories,  furnish  a  system  of  ventilation,  in  the  sum- 
mer time,  which  is  highly  satisfactory. 

For  valuable  suggestions  which  aided  me  very  much  in  the  plan- 
ning and  subsequent  equipping  of  this  building,  I  am  indebted  to 
Dr.  J.  W.  Mallet  and  Professor  Dunnington,  Universiiy  of  Vir- 
ginia; Professor  Ira  Rerasen,  Johns  Hopkins  University;  Dr. 
Charles  A.  Doremus,  New  York  ;  Dr.  Eugene  A.  Smith,  Univer- 
sity of  Alabama,  and  others. 


THE  COPPEB-ORES  OF  THE  SOUTHWEST. 

BY  ARTHUR  F.    WENDT,   NEW  YORK  CITY. 
(Bethlehem  Meeting,  May,  1886.) 

The  earliest  knowledge  of  copper-ores  in  the  Southwest  was  de- 
rived from  the  Mexicans,  who,  in  the  latter  part  of  the  last  century, 
discovered  and  worked  the  Santa  Rita  copper  mines,  now  situated 
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in  the  Territory  of  New  Mexico,  near  the  Arizona  line  and  the 
town  of  Silver  City.  Don  Francesco  Mannel  Elguea,  of  the  city 
of  Chihuahua,  is  said  to  have  operated  these  mines  at  great  profit, 
leaving  at  his  death  in  1806  a  large  fortune.  Subsequent  to  the 
death  of  Elguea,  the  mines  were  worked  under  lease  from  his  family. 
The  Mexicans  called  these  mines  Criadera  del  Cobre,  "  the  place 
where  metallic  copper  was  created."  The  native  metal  of  these 
mines  cropped  out  above  the  ground  ;  and  masses  weighing  up  to  a 
ton  were  extracted  by  these  early  miners  and  shipped  overland, 
through  a  hostile  Indian  country,  to  the  city  of  Mexico,  there  to  be 
coined  into  copper  money.  About  the  year  1838,  the  Apache 
Indians,  by  frequent  and  continuous  attacks,  brought  this  mining 
industry  to  a  standstill ;  and  the  mines  remained  idle  until  the  ad- 
vent of  the  Americans  in  1865.  From  1865  to  1870  a  large  number 
of  Americans  poured  into  this  region  ;  and  in  1873  the  first  work 
was  again  done  on  a  systematic  scale  on  the  old  Santa  Rita  prop- 
erty. The  subsequent  history  of  the  property  will  be  again  re- 
ferred to. 

In  1865  Colonel  Carleton's  regiment  of  California  volunteers, 
while  in  pursuit  of  the  Indians,  first  discovered  what  is  now  the 
Copper  Mountain  or  Clifton  mining  district,  in  Graham  County, 
Arizona.  Work  Avas  commenced  under  American  auspices,  but 
emi)loying  Mexican  labor,  in  1874;  and  the  mining  district  now 
generally  known  as  the  Clifton  mines  was  the  result  of  these  early 
labors  by  the  pioneers. 

The  building  of  the  Southern  Pacific  Railway  in  1880  and  1881, 
through  the  southern  part  of  Arizona,  and  the  building  of  the 
Atlantic  Pacific,  subsequently,  through  the  northern  part  of  Arizona 
and  New  Mexico,  have  led  to  the  large  development  of  several  now 
well-known  mining  districts,  which,  within  the  last  few  years,  have 
become  important  producers,  and  have  exerted  a  marked  influence 
upon  the  copper  industry  of  the  world.  These  principal  districts 
are  the  Warren  mining  district  in  Cochise  County,  Southern  Arizona, 
near  the  Mexican  line;  the  Globe  district  in  Maricopa  County, 
Arizona,  near  the  line  of  the  San  Carlos  Indian  reservation,  and 
north  of  the  Gila  River  ;  and  the  mines  of  the  Black  Range  in 
Northern  Arizona,  in  Yavapai  County,  some  fifty  miles  south  of  the 
Atlantic  Pacific,  and  twenty  miles  east  of  the  town  of  Prescott. 
The  districts  named  comprise  all  the  large  producing  districts.  There 
arc  a  large  number  of  undeveloped  co[)per-claims  scattered  through 
the  different  mountains  of  Arizona,  some  of  which,  in  the  future, 
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may  become  prothiooi-s,  although  at  the  time  of  writing  the  low 
price  of  copper  otlei's  hut  little  inducement  for  prospecting,  and 
copj>er-claims  are  usually  jias.sed  over  as  of  no  value. 

Jn  addition  to  the  mines  of  Arizona  and  New  Mexico,  the  mines 
of  Lower  California,  now  being  rapidly  develo}>ed  by  a  French 
ci>mpany,  are  likely  to  be  a  factor  in  the  production  of  copper  in 
the  immeiliate  future  in  the  Southwest. 

The  Saiifo  Bifa  Coj)per- Mines. — Considered  in  the  order  of  dis- 
covery, the  Santa  Rita  mines  of  Xew  Mexico  are  tiie  first  to  claim 
our  attention.  They  are  situated  near  the  town  of  Silver  City,  New 
Mexico,  in  a  comparatively  open  country,  hilly  and  undulating,  but 
not  very  mountainous,  although  at  an  elevation  of  some  6000  feet 
above  sea  level.  The  Santa  Rita  mines  are  found  near  the  contact  of 
a  limestone  and  a  large  bed  of  eruptive  rock,  to  all  appearances  a 
felsite.  The  original  openings  made  by  the  Mexicans  were  on  native 
copper,  cropping  out  in  the  felsite.  The  copper  occurs  in  small 
pellets  or  shots  scattered  through  the  mass  of  felsite,  or  in  small 
flakes,  leaves,  or  tabular  masses,  sometimes  as  much  as  two  feet 
square,  and  not  generally  over  a  quarter  of  an  inch  thick.  •  The 
presence  of  these  leaves  and  flakes  precludes  the  idea  that  the  copper 
is  of  the  same  age  as  the  felsite  and  an  integral  part  of  this  eruptive 
rock.  The  copper  has  undoubtedly  been  deposited  subsequently  to 
the  erui)tion  of  the  felsite,  and  in  fissures  formed  at  a  later  date. 
The  native  copper  must,  therefore,  be  held  to  occur  in  true  fissure 
veins,  although  the  irregularity  of  the  deposition  has  been  such  that 
no  distinct  vein  can  be  found,  and  the  copper-bearing  rock  presents 
rather  the  appearance  of  a  stockwerk,  having,  however,  a  general 
easterly  and  westerly  strike  and  almost  vertical  dip.  In  places  near 
.the  surface,  the  native  copper  is  altered  into  a  beautiful  pure  red 
oxide,  presenting  all  the  characteristics  of  laminated  structure  shown 
by  the  native  copper  in  greater  depth. 

Some  of  the  raining  claims  of  the  Santa  Rita  mines,  notably  the 
Romero,  have  been  very  largely  prospected,  and  a  depth  of  300  feet 
has  been  reached. 

About  the  year  1882  a  forty-stamp  mill  was  erected  on  this  prop- 
erty, and  an  attempt  was  made  to  concentrate  the  ore  to  a  high 
grade,  and  smelt  the  resulting  mineral  on  the  spot  into  ingots. 
While  the  enterprise  proved  a  mechanical  success,  it  was  found  that 
the  mass  of  the  felsite  contained  a  much  lower  percentage  of  native 
copper  than  had  been  anticipated  ;  and  after  a  very  thorough  test, 
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the  company  operating  the  mines  suspended  operations,  having  found 
it  unprofitable  to  treat  the  native  copper-ores. 

Near  the  line  of  junction  of  the  felsite  and  limestone  there  is  a 
parallel  series  of  veins,  in  which  the  ores  assume  an  entirely  different 
character.  They  are  carbonates  and  oxides,  and  were  formerly 
profitably  mined  and  smelted.  In  depth,  the  rich  oxides  pinched 
out,  and  work  has  been  suspended  at  that  part  of  the  property. 

At  the  junction  of  the  limestone  and  felsite,  and  north  of  and 
parallel  with  the  veins  in  the  felsite,  there  is  an  enormous  outcrop 
of  brown  hematite  iron-ore,  extending  many  thousand  feet  in  length 
and  covering  a  large  number  of  claims.  Whether  or  not  this  iron 
outcrop  is  the  gossan  of  underlying  copper-ore,  has  not,  to  my  knowl- 
edge, been  tested.  It  would  seem  from  experience  elsewhere,  that 
a  thorough  examination  of  this  great  iron  cropping  might  lead  to 
the  development  of  copper-ore  in  depth.  At  present,  the  Santa  Rita 
mines  are  entirely  idle;  and  unless  developments  in  depth  on  the 
iron-ore  outcrop  should  expose  a  richer  and  different  character  of 
ore  from  that  treated  in  the  stamp-mill,  the  property  is  likely  to 
remain  idle  for  a  considerable  time,  at  least  until  the  end  of  the 
present  era  of  low-priced  copper. 

The  Clifton  Copper- District. — The  second  mining  district  to  claim 
attention,  is  that  of  Copper  Mountain,  or,  as  it  is  better  known,  the 
Clifton  mines.  It  was  discovered  about  1865,  has  been  the  scene  of 
continuous  operations  since  1872,  and  is  not  only  the  oldest  copper 
mining  district  in  Arizona,  but  also,  to  the  present  day,  the  largest 
producer  in  the  Southwest.  It  lies  within  an  almost  circular  range 
of  mountains,  forming  a  large  basin  some  ten  miles  in  length  north 
and  south,  and  perhaps  six  or  seven  miles  in  width  in  an  easterly  and 
westerly  course.  Plate  I.,  Fig.  1,  gives  an  approximate  idea  of  its- 
topography.  The  basin  is  found  between  Eagle  Creek  on  the  West 
and  the  San  Francisco  River  on  the  east,  and  there  is  only  one  prac- 
ticable outlet  from  it,  namely,  by  Chase  Creek,  which  drains  the 
whole  basin,  and  cuts  through  the  range  separating  the  basin  from 
the  San  Francisco  River.  At  the  junction  of  Chase  Creek  and  San 
Francisco  cafion  is  the  town  of  Clifton,  which  is  connected  by  the 
Arizona  and  New  Mexico  Railway,  a  narrow-gauge  line  about 
seventy  miles  long,  with  the  Southern  Pacific  Railway  at  Lords- 
burg. 

The  San  Francisco  River  is  a  rapid  stream,  which  carries  a  large 
volume  of  water  the  year  round,  but  Chase  Creek  runs  dry  in 
•i^utumn.     The  water  of  the  creek  is  heavily  charged  with  copper, 
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SO  that  it  is  unfit  for  drinking  purposes,  except  during  the  rainy 
season  and  while  the  snows  on  the  mountains  are  melting.  The 
get>logy  of  the  district,  although  much  disturbed  in  details,  is,  on 
the  whole,  simple.  The  center  of  the  basin  is  a  vast  mass  of  por- 
phyry. Leaving  the  center  of  the  basin  in  almost  any  direction, 
the  crests  of  the  mountains  surrounding  the  district  are  formed  of 
stratified  limestone.  Where  the  limestone  is  wanting  in  the  circular 
range  granite  fills  the  gap.  The  beds  of  limestone  are,  in  every 
instance,  horizontal,  and  lie  conformably  on  beds  of  sandstone. 
Both  seem  to  abut  unconformably  against  the  granite.  This  granite 
seems  to  be  eruptive;  and  the  presence  of  large  dykes  of  felsite 
cutting  vertically  through  the  bedded  lime  and  sandstone,  gives 
additional  weight  to  this  view.  The  porphyry  is,  undoubtedly,  of 
more  recent  age  than  the  granite;  for,  in  the  Coronado  mines,  the 
porphyry,  which  here  assumes  the  character  of  a  true  quartz  por- 
phyry, cuts  the  granite  as  a  huge  dyke  some  10,000  feet  long  and 
as  much  as  300  feet  in  width.  Near  the  center  of  the  district,  the 
porphyry  incloses  large  masses  of  limestone,  which  stand  like  islands 
in  a  sea  of  porphyry. 

Following  Chase  Creek  caiion  from  its  origin  in  the  basin  easterly 
towards  its  junction  with  the  San  Francisco  River,  we  first  find  our- 
selves in  the  rugged  hills  of  porphyry  of  the  basin.  Opposite  the 
Longfellow  mines,  we  strike  the  inclosing  range  of  mountains,  and 
the  lime  and  sandstones.  The  canon  here  is  eroded  on  the  contact 
of  the  porphyry  and  the  stratified  rocks,  the  porphyry  forming  the 
northern  walls  of  the  canon  and  the  lime  and  sandstones  the  south- 
ern.    Fig.  2  is  a  section  across  the  eafion  at  this  point. 

Continuing  down  the  canon  we  reach  the  granites,  and,  approach- 
ing the  town  of  Clifton,  modern  trachytes. 

Crossing  the  San  Francisco  River,  and  continuing  our  journey 
still  further  east,  we  find  a  range  of  hills  and  mountains  of  quite 
recent  volcanic  origin.  One  prominent  peak  has  the  shape  of,  and 
is,  undoubtedly,  a  recent  extinct  volcano.  Lava  covers  this  range 
of  hills.  Further  south,  and  towards  the  Gila  River,  a  dis- 
tance of  some  fifteen  miles,  a  very  recent  conglomerate  is  found,  in 
which  round  boulders  of  this  lava,  the  trachyte  of  the  town  of 
Clifton,  and  round  boulders  of  ore  from  the  copper-mines  form 
component  parts.  The  mines  must,  therefore,  have  been  in  exist- 
ence before  the  eruption  of  the  lava  and  the  older  trachyte  took 
place,  while  their  age  is  limited  on  the  other  hand  by  the  fact  of 
their  being   found  both  in  the  sedimentary  limestone  and  in  the 
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eruptive  porphyry,  and  in  granite.  No  fossils  have  ever  been  dis- 
covered, to  my  knowledge,  in  the  limestone  of  the  Clifton  district; 
but  in  color  and  conformability  with  the  underlying  sandstone,  it  is 
very  similar  to  that  of  the  Globe  district.  The  age  of  the  limestone 
of  the  Globe  district,  and  of  all  the  other  copper  camps,  has  been 
satisfactorily  determined  by  the  presence  of  fossils  to  be  Lower 
Carboniferous. 

The  mines  of  the  Clifton  district  are  readily  divided  into  three 
groups:  first,  those  occurring  in  limestone;  second,  those  occurring 
in  porphyry;  and  third,  those  occurring  in  granite.  The  ores  of 
the  first  system  of  veins  are  oxides,  primarily  the  red   oxide  or 

Fig.  2. 
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Section  across  Longfellow  Hill  and  Chase  Creek  Canon. 


cuprite  in  a  gangue  of  compact  hematite,  and  malachite  and  azurite 
in  a  gangue  of  manganese  ore  or  wad.  The  ores  of  the  second  and 
third  systems  are  oxides  and  oxysulphides  on  the  surface,  changing 
into  copper  glance  at  a  trifling  depth,  and  into  yellow  sulphurets  in 
the  deepest  workings.  While  the  extent  and  number  of  the  veins 
of  the  second  and  third  class  is  considerably  larger  than  that  of  the 
first  class,  these  latter  are,  by  far,  the  most  valuable  and  produc- 
tive, and  are  the  ones  which  first  gave  prominence  to  the  Clifton 
mines. 

The  principal  mine  in  the  district  is  the  well-known  Longfellow, 
now  owned  by  the  Arizona  Copper  Company.  The  first  discoveries 
made  on  the  Longfellow,  were  some  small  seams  and  pockets  of  ore, 
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cropping  out  near  the  crest  of  tlie  Longfellow  hill  in  a  decomposed 
shaly  limestone  largely  altered  into  clay.  These  small  strings,  vein- 
lets,  and  bunches,  were  followed  into  the  hill  by  a  horizontal  tunnel, 
and  led  to  the  discovery  of  two  parallel  veins  of  ore  striking  approxi- 
mately N.E.  and  S.W.,  and  dipping  at  an  angle  of  about  80°  or  85° 
to  the  S.E.,  that  is,  with  the  slope  of  the  hill.  Fig.  2  illustrates 
these  conditions. 

At  and  below  the  level  of  the  upper  Longfellow  tunnel,  the  two 
veins  carry  an  iron-ore,  containing  red  oxide  of  copper  and  but  little 
carbonate  of  copper.  On  the  dip  of  the  veins  from  this  level  only 
such  ores  are  found,  until  the  veins  ajiproach  the  underlying  sand- 
stones. Native  copper  there  occurs  sparingly,  and  the  veins  become 
pinched,  and  finally  barren.  They  have  not  been  followed  into  the 
sandstone;  and  it  is  quite  problematical  whether  they  have  any 
value  in  that  rock. 

On  the  rise  of  the  vein  above  the  Longfellow  adit,  some  large 
chambers  of  ore  have  been  found.  The  character  of  the  ore  in  these 
upper  levels  changes,  and  is  principally  wad;  that  is,  a  manganif- 
erous  ore,  containing  green  and  blue  carbonates  of  copper.  An 
average  sample  of  the  selected  blue  and  green  carbonate  ores  taken 
by  the  writer  in  1880,  from  one  of  the  huge  stopes,  some  forty  feet 
wide,  then  open  on  this  ore,  gave  the  following  analysis  : 

Cu 38.80 

SiOj 11.15 

FeA. 11-56 

An  analysis  of  a  very  pure  specimen  of  wad  or  manganiferous 
copper-ore,  made  by  Professor  W.  Mayer,  gave  the  following  result: 

CuO, 28  89 

MnOj, 31.24 

SiOj 24.81 

HA 1187      ' 

Fe^Oj  and  COj, 2.74 

CaO, traces 

99.55 

An  average  sample  of  over  a  thousand  tons  of  this  manganiferou.s 
ore,  as  accumulated  at  the  mines  in  1 880,  gave  the  following  analysis : 

Cii, 17.17 

SiOj, 26.80 

Fe,0,, 15.29 

MnO, 7.49 
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By  referring  to  Fig.  2,  it  will  be  seen  that  the  Longfellow  mine 
is  an  almost  vertical  fissure  in  stratified  limestone,  at  or  near  the 
junction  with  a  dyke  of  felsite.  In  places  the  vein,  or  branches  of 
it,  are  at  the  contact  of  the  limestone  and  felsite,  there  forming  a 
true  contact-vein.  Again,  branches  of  the  vein  are  entirely  in 
felsite,  and  other  branches  entirely  in  limestone.  We  see  an  illus- 
tration in  the  Longfellow  mine  of  the  general  conditions  of  veins  of 
ore  in  stratified  limestone,  so  well  described  by  various  writers  as 
occurring  in  the  lead  veins  worked  in  the  mountain  limestone  of 
England.  We  find  true  "  flats  "  or  bodies  of  ore  branching  from 
the  main  fissure,  and  practically  replacing  one  or  more  beds  of  the 
limestone.  Again,  we  find  other  masses  of  ore  that  leave  the  main 
fissure  and  follow  the  vertical  seams  in  the  bedded  limestone.  More 
generally,  liowever,  the  ore  occurring  entirely  in  the  limestone 
assumes  very  irregular  shapes,  as  if  it  had  filled  an  irregular  cavity. 
Hence,  many  engineers  and  miners  have  called  the  Longfellow  mine 
a  "deposit"  or  "pocket."  Indeed,  the  same  opinion  has  been  ex- 
pressed by  d liferent  geologists  of  all  the  other  large  copper-mines  iu 
the  southwestern  districts.  It  is,  however,  erroneous.  With  only 
two  exceptions  of  minor  importance,  all  of  the  large  copper-mines 
of  the  Southwest  are  true  fissure-veins  in  the  sense  that  they  are 
bodies  or  masses  of  ore  deposited  in  the  rocks  which  now  contain 
them,  subsequent  to  the  deposition  or  formation  of  these  rocks.  The 
copper-ore  has  a  true  intrusive  origin,  and  has  come  from  the  deep. 
Figs.  3  and  4  show  a  vein-structure  common  in  this  mine,  and  illus- 
trate the  true  vein-origin  of  the  ore. 

The  fact  of  the  profitable  veins  occurring  in  limestone,  and  pre- 
senting all  the  usual  great  irregularities  of  veins  found  in  this  rock 
cannot  blind  the  careful  observer;  for  no  other  theory  than  that  of 
an  intrusive  origin  will  explain  all  the  phenomena  of  the  occurrence 
of  these  ores. 

The  Longfellow  mines,  and  also  those  of  Bisbee,  those  of  Globe, 
and  those  of  the  Verde  district  in  the  Black  Range,  are  invariably 
found  in  conjunction  with  great  bodies  of  clay.  Very  often,  near 
the  surface,  clay  only  is  found,  and  to  all  appearance  every  vestige 
of  rock  has  been  removed.  Great  stress  is  laid  on  this  fact  by  those 
claiming  these  veins  to  be  "  deposits."  A  close  examination  of  this 
clay,  however,  invariably  proves  that  it  is  a  decomposed  rock,  en- 
tirely due  to  the  enormous  thermal  action  which  has  taken  place 
during  the  deposition  of  these  copper-ores.     There  are  places  in  the 


THE   COPPER-ORES   OF   THE    SOUTHWEST. 


33 


mines  of  Bishee  where  the  chemist  can  study  this  action  with  excep- 
ti(Mial  tUoility. 

In  Bisbee  the  country-rock  is  a  limestone,  and  at  some  distance 
from  the  vein  it  is  a  pure  cttrbonate  of  lime  and  magnesia.  Approach- 
ing towards  the  walls  of  the  vein  the  character  changes,  and  there  is 
fonn»l  in  it  a  gradually  increasing  amount  of  alumina,  magnesia, 
iron,  and  manganese.  The  ores  of  these  veins  themselves  contain  a 
considerable  percentage  of  these  ingredients. 

A;^  a  further  proof  of  the  correctness  of  these  views,  the  results 
of  microscopic  examination  of  the  rocks  near  these  copper  veins  is 


Fig.  3. 


Fig.  4. 


\ 


Horizontal  Section  of  Vein-structure  in 
the  Longfellow  Mine. 


Vertical  Section  of  Vein-structure 
in  the  Longfellow  Mine. 


adduced.  At  the  instance  of  the  writer,  such  an  examination  just 
completed  by  Dr.  Julien,  of  this  city,  and  J.  P.  Iddings,  of  Wash- 
ington, has  led  to  the  discovery  that  the  eruptive  rocks  found  even 
at  considerable  distances  from  the  veins  are  all  kaolinized  or  decom- 
posed by  thermal  action.  The  surface-decomposition  of  all  rocks  in 
Arizona  has  been  very  great,  and  this  decomposition,  jointly  with 
the  thermal  action,  has  produced  the  great  masses  of  clay  which  have 
led  many  examiners  to  a  wrong  conclusion  as  to  the  character  of  the 
veins.  In  the  Longfellow  mine  particularly  has  the  decomposition 
of  the  walls  been  marked.     Both  walls  of  the  vein  are  very  often 
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pure  white  kaolin.    The  following  is  an  analysis  of  the  kaolin,  which 
clearly  illustrates  its  composition  and  character : 

SiOj, 42.40 

AI2O3, 32.50 

FeA, 16.17 

CaO, 2.17 

Cii, trace 

MgO, trace 

93.17 

The  balance  of  the  100  per  cent,  is  principally  moisture. 

At  Clifton  this  kaolin,  mixed  with  two  parts  of  sand,  has  done 
good  service  as  a  fire-resisting  material  in  reverberatory  furnaces. 

Referring  to  the  accompanying  map  of  the  Longfellow  claims,  Fig. 
5,  the  strike  of  the  two  veins,  of  which  Fig.  2  is  a  cross-section, 
is  seen  to  be  across  the  Longfellow  and  into  the  Yankee  mine. 
The  pitch  of  the  ore  is  into  the  Yankee.  The  bulk  of  the  ore  on 
the  Longfellow  claim  proper  has  been  extracted;  but  in  depth  the 
Yankee  still  holds  good  ore.  The  claims  called  the  Longfellow, 
Modoc,  and  Detroit,  are  on  the  crest  of  a  hill,  all  composed  of 
horizontal  sedimentary  limestone,  either  of  dolomitic  or  shaly  char- 
acter. 

On  the  Detroit  claim  there  is  a  dyke  of  a  fine-grained  green  rock, 
probably  a  diorite,  running  parallel  with  the  long  axis  of  the  claim, 
and  at  right  angles  with  the  original  Longfellow  vein.  At  the  con- 
tact of  this  green  rock  with  the  bedded  limestone,  a  small  string  of 
ore  was  followed  down,  some  four  years  ago,  and  led  to  the  discovery 
of  a  great  body  of  manganiferous  ore,  similar  to  that  in  the  upper 
workings  of  the  Longfellow,  striking  at  right  angles  with  the  great 
bodies  of  Longfellow  ore  which  first  gave  fame  to  this  district.  But 
little  green  carbonate  has  been  found  in  this  new  development.  The 
bulk  of  the  ore  is  azurite  and  cupriferous  wad. 

Parallel  with  the  crest  of  the  Longfellow,  Modoc,  Detroit  Hill, 
and  partly  covering  the  Yankee,  Montezuma,  Humboldt,  Joy, 
Copper  Mountain,  and  Arizona  Central  claims,  the  contact  with 
porphyry  that  covers  the  bulk  of  the  mining  district  is  found.  On 
two  of  these  claims,  fine  bodies  of  rich  oxidized  ores  have  been  dis- 
covered in  the  porphyry  and  worked  to  a  depth  of  several  hundred 
feet;  but  they  have  not  held  out  in  depth,  the  ore-bodies  invariably 
pinching  and  getting  lean. 

We  now  come  to  the  second  class  of  veins.     The  ores  of  both  the 
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secinul  and  third  class   being   found  in    a  siliceous  country-rock 
(whereas  tiie  ores  of  the  Longfellow  and  similar  mines  are  in  the  linie- 


FiG.  5. 


Approximate  Map  of  the  Longfellow  Mining  CI  aims, 'Clifton  District,  Arizona. 

Stone),  the  gangue  is  more  siliceous,  and  there  is  more  or  less  sulphur 
in  the  minerals.  The  most  prominent  development  of  this  class  of 
ores  is  on  the  Metcalf  hill,  something  over  two  miles  northerly  from 
the  Longfellow  mines  and  near  the  center  of  the  Clifton  copper- 
basin.     Fig.  6  illustrates  the  character  of  deposition  of  these  ores. 

At  the  surface  the  veins  form  a  siockwerk  in  the  porphyry.  In 
depth  all  the  small  branches  of  ore,  covering  in  places  a  territory  one 
hundred  feet  in  width  on  the  surface,  unite  and  form  a  single  vein, 
which  has  been  developed  by  the  lower  adit  shown  in  Fig.  6.  A 
great  deal  of  development- work  has  been  done  in  depth  on  these  and 
on  the  other  mines  found  in  porphyry;  and  the  result  has  invariably 


36  THE   COPPER-ORES   OF   THE    SOUTHWEST. 

])roved  that  these  veins  rapidly  deteriorate  in  depth  and  become 
valueless  under  the  commercial  conditions  ruling  at  present  in  the 
southwest.  The  cropj>ings  of  the  Metcalf  mine  are  at  present  worked 
as  an  open  cut.  Several  hundred  tons  of  rock,  containing  the  ore  in 
thin  strings  and  small  veins,  are  loosened  at  a  single  blast  and  then 
assorted.  It  takes  as  much  as  fifteen  tons  of  rock  thus  broken  to 
give  one  ton  of  merchantable  ore. 

The  Queen  Group  of  mines,  almost  opposite  to  the  Metcalf  hill, 
belong  to  the  second  class,  and  are  opened  on  several  veins,  varying 

Fig.  6. 
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Section  of  Metcalf  Hill. 

in  width  from  2  to  7  feet.  The  Queen  claim  is  opened  by  a  tunnel 
run  500  feet  on  the  vein.  The  vein  has  well-defined  walls,  but  the 
ore  is  very  irregularly  distributed  and  unreliable.  The  vein  dips  at 
80°,  and  can  he  traced  a  considerable  distance. 

The  Coronado  mines  also  belong  to  the  second  class.  They  are 
several  miles  west  of  the  Longfellow  and  Metcalf  mines  and  are  found 
in  a  huge  dyke  of  quartz-porphyry  cutting  through  syenite  and 
granite.  The  latter  abuts  against  and  is  surrounded  by  stratified  lime- 
stone. There  are  six  claims,  called  the  Boulder,  Horseshoe,  Coronado, 
Crown  Leaf,  Copper  Crown,  and  Matilda,  located  on  this  dyke. 
When  first  examined  by  the  writer,  in  1881,  these  mines  formed, 
to  all  appearances,  an  inviting  field  for  prospecting,  and  appeared 
to  promi.se  great  future  value.  Their  large  development  in  late 
years  has  not,  however,  borne  out  the  expectations  then  expressed 
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bv  tlie  writer.  It  is  a  well-known  fact,  alluded  to  in  a  former 
report  on  this  mine  Uv  the  writer,  that,  contrary  to  the  notion  held 
by  the  vast  maj(n-ity  of  the  public,  metallic  mines  grow  poorer  in 
dejHh  in  nine  cases  out  often.  The  decomposed  surface-ores  are  the 
richest.  The  nndecom posed  base  ores  underlying  the  surface-ores 
are  both  poorer  and  more  ditficult  to  mine  and  beneficiate.  This  has 
been  the  history  of  all  the  copper-pyrites  mines  in  the  Alleghenies. 
It  has  been  the  history  in  the  Lake  Superior  region,  where  rich 
black  oxides  and  accumuhitions  of  native  copper  are  of  frequent 
occurrence  when  opening  the  mines.  It  has  been  the  history  in  the 
well-known  mines  of  Spain,  now  so  important  by  reason  of  their 
enormous  production  of  copper  from  low-grade  pyrites ;  and  the 
same  may  be  confidently  predicted  in  every  instance. 

Fig.  7. 
crown  reef  coronado  horseshoe  bouldi 


Section  of  Workings  on  the  Coronado  Group. 

The  Coronado  mines,  unfortunately  for  the  owners,  have  presented 
an  extreme  case  of  rapid  depreciation  of  ores  in  depth.  At  the  sur- 
face, average  samples  taken  from  numerous  places  gave  assays 
running  from  6  to  45  per  cent.,  and  bodies  of  pure  copper  glance, 
cropping  out  at  the  surface  at  various  points,  seemed  to  indicate  a 
large  future  value  underground.  As  late  as  1884,  the  writer  drove 
a  tunnel  on  the  Boulder  claim,  which,  for  the  whole  of  its  height  and 
a  distance  of  over  150  feet,  was  run  on  a  vein  of  solid  copper  glance 
from  one  to  two  feet  wide,  and  averaging  over  40  per  cent,  of  metallic 
copper. 

Fig.  7  shows  the  large  amount  of  dead-work  done  on  these  mines, 
which  has  led  to  a  very  thorough  knowledge  of  their  conditions.  The 
shafts  shown  are  from  200  to  300  feet  deep  and  tunnels  in  proportion. 
The  vein  itself  is  from  five  to  fifteen  feet  wide  and  can  be  traced  con- 
tinuously along  and  through  the  quartz-porphyry  dyke.   It  is  a  fissure 
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vein  parallel  with  and  in  the  quartz-porphyry.  Fig.  8  shows  a 
cross-section  of  it.  In  places  the  walls  are  very  smooth  and  striated. 
Usually  they  are  decomposed  and  kaolinized  for  some  distance  into 
the  quartz-porphyry.  Where  not  so  decomposed,  the  vein  is  of 
inferior  quality.  Indeed,  it  can  be  laid  down  as  a  law,  both  for 
this  mine  and  for  all  others  through  the  southwest,  that  indications 
of  an  extensive  decomposition  of  the  country-rock  are  favorable  to 
the  finding  of  large  ore-bodies.     From  the  very  nature  of  things 

Fig.  8. 


^^^ 

^   A     A 

GRANITE 

% 

Sx 

AND 

X   X 

SYENITE 

GRANITE 

Xv 

X    " 

x\^ 

y.^x 

X  X 

XX 

V            X 

x„x 

""x 
'xx^x 

X 
Xx 

x^x 

x^x 
^xxx 

QUARTZ 

PORPHYRY 

Vertical  Cross-section  of  Coronado  Vein. 


this  must  be  expected  ;  for  this  decomposition  is  an  accessory  to  the 
deposition  of  the  ore ;  and  where  there  has  been  an  extensive 
deposition  of  ore,  there  an  extensive  decomposition  of  the  surround- 
ing rocks  must  be  expected. 

The  copper  glance  in  the  Coronado  mines  usually  occurs  massive. 
In  the  Horseshoe  claim,  where  the  vein  is  some  fifteen  feet  wide,  it 
occurs  in  minute  particles  scattered  through  the  gangue,  which  is 
practically  a  matrix  of  kaolin  with  imbedded  rounded  particles  of 
quartz,  undoubtedly  in  its  original  form  a  quartz-porphyry.  On  the 
Horseshoe  claim  a  parallel  vein  has  been  cut  and  prospected  to  some 
extent.  It  is  a  couuterpart  of  the  main  vein,  but  somewhat  smaller. 
"Wherever  the  copper  glance  in  the  Coronado  mines  has  been  followed 
down,  it  disappears  at  a  depth  of  150  or  200  feet  from  the  surface, 
and  either  the  vein  becomes  barren  or  the  glance  is  replaced  by 
yellow  sulphurets,  sparingly  disseminated  through  the  gangue. 
Experimental  concentrations  of  these  yellow  sulphurets  gave  assays 
of  8  per  cent.     With  the  conditions  governing  the  mining  industry 
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of  the  Southwest  at  the  present  time,  such  ore  is  vahieless,  although 
in  the  future,  undoubtedly,  these  ores  may  be  worked  on  an  extended 
scale. 

The  following  analysis  of  ores  from  the  Coronado  mines  is  repre- 
sentative also  of  all  the  other  ores  of  the  second  or  siliceous  class  : 

I.  II 

Cu 11.17  21.95 

SiO„ 67.00  48.90 

Fe, 6.91  9.41 

The  low  percentage  of  iron  and  very  high  percentage  of  silica 
will  be  noted.  These  ores  cannot  be  smelted  alone,  but  require  the 
addition  of  both  iron-ore  and  limestone  to  flux  them,  or  else  they 
must  be  smelted  with  basic  ores  of  the  Longfellow  or  kindred  mines. 
At  the  time  of  writing,  the  concentration  of  these  silicious  low-grade 
ores  has  been  taken  actively  in  hand  by  the  Detroit  Copper  Com- 
pany, owning  several  of  the  Longfellow  group  of  mines.  A  plant  to 
treat  one  hundred  tons  per  diem  is  under  construction ;  and  the 
experiments  made  so  far  seem  to  indicate  that  no  difficulty  will  be 
ex]>erienced  in  saving  two-thirds  of  the  metal  in  low-grade  ores,  and 
enriching  the  ores  to  a  smelting-yield  of,  say,  12  per  cent.  The 
large  loss  of  copper  in  the  tailings  is  undoubtedly  due  to  the  fine 
dissemination  of  the  particles  of  copper  mineral  and  to  the  presence 
of  a  great  deal  of  the  copper  in  an  oxidized  state.  As  depth  is 
gained  in  the  mines  of  the  second  class,  yellow  sulphurets  only  will 
undoubtedly  be  found.  The  concentration  will  then  probably  be 
both  greater  and  more  perfect.  The  Coronado  mines  are  at  present 
idle.  Of  all  the  mines  in  the  porphyry,  only  a  few  adjoining  the 
Longfellow  group  are  now  worked  by  the  Detroit  Company,  and  the 
open  cuts  on  the  Metcalf  mines  are  operated  by  the  Arizona  Copper 
Company. 

The  mines  of  the  third  class,  namely,  those  occurring  in  granite, 
are  few  in  number,  and  embrace  only  a  few  claims  situated  north  of 
Chase  Creek  and  near  the  divide  between  Chase  Creek  basin  and  the 
San  Francisco  River.  Their  great  altitude  makes  them  almost  inac- 
cessible. The  ore  is  a  copper  glance  in  a  vein  ten  feet  wide  with 
good  walls  where  opened.  The  mineralization  of  the  vein  appears 
to  have  no  uniformity,  and  after  shipping  some  ore  from  an  open  cut 
that  assayed  high,  work  has  been  abandoned. 

The  cost  of  mining  in  the  Clifton  district  has  remained  i)ractically 
the  same  for  a  number  of  years.     In  the  winter  of  1879,  when  the 
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writer  first  examined  these  mines,  mining  was  clone  by  Chinese, 
Mexicans,  and  Americans  on  the  Longfellow  mines.  The  daily 
output  from  the  property  was  some  forty  tons,  yielding  in  the 
furnaces  20  per  cent,  of  fine  copper.  The  wages  of  Chinese  miners 
were  $40  a  month  and  board,  of  Mexican  miners  $50,  and  of  Amer- 
ican miners  $75.  Materials  were,  of  course,  very  high,  as  at  that 
time  everything  had  to  be  transported  by  wagon  from  Las  Vegas, 
New  Mexico,  a  distance  of  some  600  miles.  The  number  of 
employees  was  about  150,  and  the  cost  of  mining,  in  round  figures, 
$10  per  ton. 

The  work  was  conducted  at  that  time  in  a  very  crude  manner. 
All  the  ore  broken  in  the  mine  was  carried  out  in  wheelbarrows, 
and  not  a  track  was  used  in  any  part  of  the  mine.  Four  different 
levels  had  been  opened  on  the  ore,  and  they  were  reached  by  inclines 
at  various  angles  from  the  snrface.  Hoisting  machinery  had  not 
been  introduced.  In  recent  times  the  cost  of  mining,  notwithstanding 
the  large  reduction  in  cost  of  materials  by  reason  of  the  construction 
of  the  Southern  Pacific  Railway  and  the  branch  road  to  the  mines, 
and  the  reduction  of  wages  to  $2.85  a  day  for  white  miners  and  $2 
for  Mexicans,  has  remained  as  high  as  $8  per  ton,  because  the  large 
ore-chambers  formerly  found  in  the  upper  portions  of  the  veins,  have 
been  in  a  large  measure  exhausted,  and  a  vastly  greater  amount  of 
dead  work  has  become  necessary  to  keep  up  the  production. 

The  cost  of  mining  at  the  Metcalf  mines,  in  the  manner  already 
described — that  is  by  the  use  of  sand-blasts  and  sorting  the  broken 
material — has  been  somewhat  less  than  at  the  Longfellow,  but  will 
in  the  near  future  be  considerably  increased,  if  indeed  these  mines 
can  be  run  at  a  profit  at  all  after  the  exhaustion  of  surface-ores  from 
the  croppings. 

On  the  Coronado  mines,  in  1883,  some  $60,000  had  been  spent 
in  doing  the  dead  work  shown  in  Fig.  7.  Only  the  rich,  ma.ssive 
copper  glance,  assaying  from  20  to  50  per  cent,  in  copper,  had  been 
shipped  from  the  mines.  No  attempt  has  been  made,  so  far,  to  put 
up  dressing-works,  without  which  the  mines  can  certainly  not  be 
run  at  a  profit.  The  only  other  mines  on  which  a  great  deal  of 
money  has  been  spent  are  the  Queen  group,  before  referred  to,  and 
belonging  to  the  Arizona  Coi)per  Company.  Some  $50,000  had 
been  expended  there  up  to  1883  in  driving  tunnels,  sinking  shafts 
and  winzes.  The  vein  can  be  considered  a  strong  vein,  judged  solely 
as  a  fissure,  but  the  ore  in  it  is  so  irregularly  distributed  that  min- 
ing has  never  paid,  and  it  is  quite  doubtful  whether  it  ever  will  pay. 
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Of  the  ores  similar  to  the  ferruginous  basic  I.-ongfellow  ores, 
tliere  are  only  two  other  promising  localities  now  known  in  the 
Clifton  district.  One  is  some  distance  up  a  branch  of  Chase 
Creek,  where  a  large  body  of  limestone  lies  like  an  island  in  a  sea  of 
porphyry.  On  the  western  contact  of  the  limestone  and  porphyry, 
a  vein  from  four  to  fifteen  feet  wide  can  be  traced  several  hundred 
feet.  The  ore  is  basic  and  of  good  quality,  averaging  above  15 
per  cent.  This  property  was  owned,  at  last  accounts,  by  prospec- 
tors, and  ore  from  it  was  being  sold  to  the  Arizona  Copper  Com- 
pany. 

In  the  northern  part  of  the  basin,  near  the  crest  of  the  range  of 
limestone  mountains  almost  encircling  the  district,  the  Lone  Pine 
group  of  mines  presents  good  croppings  of  basic  ore. 

Many  claims  in  the  limestone  country-rock  are  located  on  iron 
outcrops  which  carry  no  copper,  or  a  very  small  percentage  of  no 
material  value.  One  of  the  principal  mines  of  this  class  is  the 
Modoc,  owned  by  the  Arizona  Copper  Company.  It  is  about  two 
miles  westerly  from  the  Detroit  mines,  shown  on  Fig.  5.  The 
iron-ore  at  this  mine  is  slightly  magnetic,  and  caps  the  crest  of  a 
round  limestone  hill.  Occasionally,  a  stain  of  copper  is  met  with 
in  the  ore;  but  no  body  of  copper-ore  has  yet  been  found  in  the 
iron  or  in  its  neighborhood.  The  iron-ore  is  very  pure,  containing 
fully  sixty  per  cent,  of  metallic  iron,  and  is  used,  together  with 
limestone  from  the  Longfellow  hill,  as  a  flux  for  the  siliceous  ores  of 
the  Metcalf  mines. 

In  the  northern  part  of  the  basin  of  Chase  Creek  the  Guthrie 
mines  contain  a  large  amount  of  iron-ore,  but  of  a  different  variety. 
The  iron  here  approaches  a  specular  hematite  in  composition,  and  is 
found  in  a  vein  some  ten  feet  wide,  cutting  vertically  through  the 
bedded  limestone  which  lies  horizontal.  Drifts  and  shafts  have  been 
sunk  on  this  mine  to  a  considerable  extent,  but  without  finding 
valuable  copper-ores. 

A  similar  condition  of  affairs  will  be  noted  further  on  to  exist  in 
the  other  producing  copper-camps  of  the  Southwest.  Iron  ledges, 
barren  of  copper,  are  not  infrequent. 

The  small  sketch-map  of  the  district  (Fig.  1)  gives  an  approx- 
imate idea  of  the  relative  location  of  the  different  mines.  The  map 
bears  no  claims  to  accuracy.  It  will  be  seen  that  the  mines  are 
connected  with  the  town  of  Clifton,  some  five  miles  distant,  by  the 
Coronado  Railway.  This  is  a  system  of  20-inch  gauge,  built  with 
25-pound   steel   rails,  which  carries  the  ores  of  the  mines  of  the 
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Arizona  Copper  Company  to  the  smelting  works  of  that  company  at 
Clifton,  and  also  serves  to  return  to  the  mines  all  supplies,  and  the 
fuel  used  by  the  Detroit  Copper  Works  at  the  town  of  Morenci  built 
on  the  Longfellow  hill. 

The  elevation  of  the  town  of  Morenci,  and  of  all  the  mines  of 
the  different  groups,  to  wit,  the  Longfellow,  Queen,  Metcalf,  and 
Coronado,  is  from  1000  to  2000  feet  above  the  level  of  Chase  Creek 
canon.  The  mines  are  connected  with  the  Coronado  Railway, 
located  along  the  bottom  of  Chase  Creek  canon,  by  automatic  in- 
clined planes.  At  the  Longfellow  mine  the  inclined  plane  serves 
the  double  purpose  of  permitting  the  descent  of  the  Longfellow 
ore  and  of  the  copper  bullion  made  at  the  Morenci  works  and  of 
carrying  up  to  these  works  the  coke  used  as  fuel.  These  works  are 
connected  with  the  narrow-gauge  railway  by  a  branch  from  the  head 
of  the  Longfellow  incline.  There  dre  four  locomotives  in  use  on 
the  Coronado  Railway  and  branches,  the  heaviest  one  weighing  13 
tons.  They  draw  iron  side-dump  cars  weighing  5000  pounds,  which 
carry  about  three  tons  of  ore  at  a  load.  These  cars  are  run  bodily 
up  the  Longfellow  incline,  and  at  the  head  of  it  are  again  taken  by 
a  small  locomotive  and  carried  over  to  the  smelting-works  of  the 
Detroit  company  at  Morenci.  The  short  road  from  the  incline  to 
these  works  passes  through  two  tunnels,  one  cutting  completely 
through  the  limestone  of  the  Longfellow  hill  in  an  easterly  and 
westerly  direction,  and  the  other  tunnel,  on  the  Humboldt  claim, 
running  in  a  northerly  and  southerly  direction  and  entirely  in  por- 
phyry. 

In  1879,  all  the  Longfellow  ore  was  hauled  to  Clifton  by  a 
wagon-road,  shown  in  Fig.  1.  The  cost  was  $10  for  every  ton  of  ore 
hauled,  and  not  only  this  excessive  cost,  but  the  frequent  stoppage  of 
teams  by  Indian  raids,  led  to  the  building  of  the  Coronado  Railway. 
When  first  built  it  was  proposed  to  be  operated  by  mules,  but,  as 
anticipated,  it  was  soon  found  to  be  more  i)rofitable  to  substitute  a 
small  engine.  Since  that  date  the  weight  of  the  engines  has  been 
increased  twice,  and  at  present  a  thirteen-ton  engine  is  not  found  any 
too  large.  This,  by  the  way,  I  believe,  is  the  only  railway  of  so 
narrow  a  gauge  delivering  materials  to  a  three-feet  gauge,  which  in 
turn  delivers  them  seventy  miles  away  to  a  standard-gauge  of  4  feet 
8^-  inches. 

The  first  smelting  of  copper-ores  in  the  Clifton  district  was  in 
1874,  when  Mr.  H.  Lesinsky  erected  at  Clifton  a  small  Mexican  adobe 
furnace  with  a  blast  supplied  by  a  common  blacksmith's  bellows. 
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The  ore  was  mined  from  the  Longfellow  mine  and  packed  on  burros 
down  into  Cha«;e  Creek  eafion,  where  the  furnace  was  situated.  This 
furnace  smelted  very  little  over  one  ton  of  ore  ])er  day.  A  cam- 
paign seldom  lasted  a  week.  The  loss  in  slag  was  very  great,  and 
the  consumption  of  fuel  enormous,  not  over  two  and  a  half  to  three 
pounds  of  ore  being  smelted  per  pound  of  charcoal.  The  charcoal 
used  was  made  from  the  mesquite  found  on  the  surrounding  hills. 
Xowithstanding  this  crude  beginning,  the  high  prices  of  copper  in 
those  years  made  the  enterprise  a  success,  even  in  its  infancy;  and 
the  mines  have  been  steadily  worked  ever  since. 

In  1877  an  invention  was  made  in  the  smelting  which  was  a  vast 
improvement  on  the  adobe  furnaces,  and  finally  led  to  the  construc- 
tion of  the  furnace  shown  in  Figs.  9,  10  and  11.  In  stopping  up  the 
holes  burned  by  the  corroding  slag  in  the  adobe  lining  of  the  small 
^lexican  furnaces,  a  piece  of  copper  was  once  accidentally  used.  It 
was  noticed  that  instead  of  this  copper  melting,  as  was  expected,  it 
remained  intact,  the  cooling  action  of  the  air  being  such  that  notwith- 
standing the  smelting  going  on  at  the  face  of  the  bar  of  copper,  the 
bar  itself  did  not  melt.  This  led  to  the  building  of  one  of  these 
small  furnaces  with  copper-plate  sides  or  walls;  with  the  striking 
result  that  these  plates,  although  reaching  a  red-heat,  failed  to  melt, 
and  answered  every  purpose  of  a  refractory  furnace  lining.  Long 
campaigns  could  thereafter  be  made  without  trouble.  If  a  plate  of 
copper  did  melt  out,  it  was  simply  charged  into  the  furnace  and  run 
out  as  copper  bullion,  and  the  plates  themselves  were  cast  on  the 
spot.  Gradually  the  size  of  these  copper-lined  furnaces  was  increased, 
and  a  further  improvement  was  made  by  building  the  bottom  of 
crushed  quartz  until  the  invention  resulted  in  a  furnace  having  a 
smeltingcapacity  of  30  tons  of  ore  per  day.  This  is  shown  in  Figs. 
9,  10  and  11,  in  which  A  is  the  body  of  the  furnace,  built  of 
common  red  brick,  and  resting  on  two  brick  pillars  at  the  rear,  and 
two  pillai*s,  D,  made  of  three  short  columns  of  cast  copper,  in  front. 
The  crucible  of  the  furnace  is  built  of  an  outer  and  an  inner  wall,  ^, 
of  brick,  between  which  clay  is  stamped.  The  bottom  of  the  crucible 
is  of  crushed  quartz  stamped  in  place.  On  the  inner  brick  wall  rest 
the  copper  plates  C,  which,  as  shown  in  the  drawing,  are  made  in  sec- 
tions and  flanges,  resting  one  upon  the  other.  There  are  four  tuyeres 
at  the  back  of  the  furnace,  supplied  by  blast  from  the  blast-pipe  G. 
Canvas  boots,  E,  connect  the  tuyeres  with  the  nozzles  of  the  blast- 
pipe.  The  front  of  the  crucible  is  closed  by  an  iron  or  copper  plate, 
F,  with  a  slag-lip  and  tapping-hole  cut  in  it.     The  copper  plates,  C, 
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if  found  to  sag  from  the  melting  away  of  the  lowest  plate,  were  sup- 
ported from  the  outside  by  bars  of  iron;  and  the  bottom-plate,  cover- 


FiG.  9. 


Copper-lined  Furnace :  Side-view. 


^^^N'^^^^ 


Copper-lined  Furnace :  Front-view. 


ing  the  front  of  the  furnace  directly  over  the  cinder-notch,  was  cast 
in  the  shape  of  a  box  as  shown  in  Fig.  11,  and  kept  full  of  water. 


Coj)per-lined  Furnace:   Plan. 

If  there  was  a  tendency  of  one  side  of  the  furnace  to  run  too  hot,  a 
spray  of  water  was  thrown   against  that  side,  and   it  was  rapidly 
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coolt'il  and  brought  to  a  normal  condition.  In  running  the  furnace, 
tlie  fuel  was  charged  agjiinsit  the  back  wall  and  the  ore  to  the  front, 
and  !«nielting  was  carried  on  with  "  noses." 

The  largest  furnace  built  of  this  class  measured  36  X  48  inches,  and 
was  about  10  feet  high,  and  blown  bv  a  No.  4  J  Baker  blower  operated 
by  water-power.  Xo  trouble  was  found  in  smelting  25  to  30  tons 
of  ore  per  day  in  this  furnace.  It  may  be  remarked,  however,  that 
the  ore  smelted  was  of  exceptionally  good  grade,  and  that  all  fine 
ore  was  t-arefully  screened  out.  As  late  as  1883,  a  large  i)ile  of  fine 
ore  dating  from  this  smelting  still  lay  in  the  yard  of  the  smelting 
works.  The  fuel  used  in  these  furnaces  was  entirely  charcoal,  made 
largely  and  preferably  from  mesquite.  •  Pine  charcoal  was  employed 
when  enough  of  the  other  class  could  not  be  obtained.  Charcoal 
was  hauled  as  far  as  100  miles  from  the  Burro  Mountains  in  New 
Mexico,  before  the  introduction  of  coke  which  could  be  purchased 
only  after  the  Southern  Pacific  Railway  entered  the  territory. 

As  might  have  been  expected,  the  intense  heat  generated  by  the 
burning  of  coke  in  the  copper-plate  furnace  proved  too  great  for  the 
copper  plates,  which  were  rapidly  burnt  out  after  coke  fuel  came 
into  use;  and  this  eventually  led  to  the  abandonment  of  this  furnace 
and  the  substitution  of  the  well-known  type  of  copper  water-jacket 
furnace,  now  used  in  the  Southwest. 

The  character  of  the  ore  treated  in  1880  by  the  Longfellow  Min- 
ing Company  is  shown  by  the  following  analyses  of  average  samples 
taken  from  all  the  ore  put  through  one  of  these  furnaces  daily  for 
five  successive  days : 


Day. 

1st. 

2d. 

3d. 

4th. 

5th. 

Metallic  copper,  . 

.     23.67 

23  93 

20.53 

21.67 

22.53 

Silica,   . 

.     12.20 

11.65 

17.30 

17.25 

13.50 

Iron  sesquioxide, . 

.     37.40 

38.20 

29.40 

3o.91 

36.12 

Manganese  binoxide,    .      7.24  6.60  8.77  9.10  637 

No  flux  of  any  kind  was  employed.  The  ore  was  self-fluxing  and 
melted  very  rapidly.  The  slags  made  at  the  same  time  were  care- 
fully sampled,  and  analyses  of  the  slags  are  given  below  for  each  of 
the  days  that  the  ore  was  sampled  : 


Day. 

1st. 

2d. 

3d. 

4th. 

5th. 

Oxide  of  copper,   . 

.      0.93 

1.10 

1.17 

1.02 

1.50 

Metallic  copper,   . 

.      0.04 

0.23 

0.15 

0.15 

0.10 

Silica,   . 

.     28.65 

31.10 

31.30 

30.06 

28.30 

Iron  protoxide, 

.     56.13 

53..30 

51.93 

53.36 

55.38 

Manganese  protoxide,  .       7.40         11.10 
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Considering  the  poor  character  of  the  fuel  employed  and  the  rapid 
concentration  in  one  operation  of  the  copper  in  the  ore  into  a  bullion 
averaging  95  per  cent,  of  copper,  the  slag,  although  containing  con- 
siderable copper,  cannot  bo  considered  as  carrying  an  excessive 
amount. 

Fig.  12.  Fig.  13. 


Water  jiiekt'l  Copper-luiiuice:   V'eitical  Sec- 
tion througli  Slag-lip. 


Water-jacket  Copper- furnace: 

Horizontal  Section  at 

Tuyeres. 


Watei-j.ickLt  (  o[>\)<.  i-luiiiace: 
Bottom-Plate. 


Figs.  12,  13,  14  and  15  are  sections,  plans,  and  elevations  of  the 
water-jacket  furnaces  as  they  are  now  generally  emj)1oyed  in  the  West 
for  the  smelting  of  oxidized  and  other  copj)er-ores.  They  had  as 
prototypes  the  furnaces  used  in  the  Detroit  and  other  copper-works, 
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smelting   slag   from    the   treatment  of  native  copper   from  Lake 
Su[^)erior. 

They  consist  simply  of  a  casing,  B,  with  an  outer  and  inner  shell 
of  iron,  between  which  water  freely  circulates.  Some  25  to  30 
gallons  of  water  are  rei^uired  per  minute  for  this  purpose.     The  inlet 

Fio.  15. 


Water-jacket  Copper-furnace :  Elevation. 

of  the  water  is  through  the  pipes  F;  the  outlet  is  through  G.  Hand- 
holes,  E,  in  the  bottom  of  this  space,  are  arranged  to  permit  ready 
access  for  cleaning.  Most  western  water  contains  lime,  and  the  water- 
space  of  the  water-jacket  scales  almost  as  rapidly  as  a  boiler,  thus  mak- 
ing these  hand-holes  imperative.     The  blast  is  carried  around  the 
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furnace  in  the  circular  casing  C,  and  enters  through  the  tuyeres  D 
Opposite  each  tuyere  there  is  a  hand-hole  (and  an  eye-hole)  in  this 
casing  which  permits  ready  access  to  the  interior  of  the  furnace.  The 
outer  shell  of  the  furnace  is  continued  down  some  distance  below  the 
water-jacket  and  there  forms  the  casing  of  the  crucible.  This  outer 
casing,  by  the  way,  as  made  by  manufacturers  of  mining  machinery,  is 
invariably  too  short ;  and  a  piece  must  be  riveted  on  to  it  to  give  the 
necessary  depth  of  crucible.  As  built  in  the  shops  there  is  not  depth 
sufficient  in  the  crucible  to  permit  the  proper  separation  of  copper 
and  slag.  The  interior  of  the  crucible  is  lined  with  fire-brick  and 
clay,  31.  This  clay  bottom  of  the  crucible  rests  on  the  hinged  iron 
doors  P,  which  can  be  dropped  at  any  moment,  when  the  furnace  is 
blown  out,  to  remove  accretions  in  the  crucible,  or  for  any  other 
purpose.  The  slag  lip  i,  attached  to  the  shell  of  the  furnace, 
carries  off  the  cinder.  The  tapping-notch  0  is  used  for  tapping  the 
metal  produced.  The  whole  furnace  stands  on  four  iron  pillars,  R, 
and  is  covered  by  the  hood  H  leading  to  the  stack  K.  The  hood  H 
has  a  charging-door  cut  in  it.  The  level  of  the  charge  is  generally 
kept  a  foot  below  the  bottom  of  this  charging-door. 

A  furnace  of  this  class,  42  inches  in  diameter  at  the  tuyeres,  and 
9  feet  high,  driven  by  a  No.  4J  Baker  blower,  run  100  to  120  revo- 
lutions per  minute,  will  readily  smelt  40  tons  of  ore  per  day.  With 
an  increased  amount  of  blast,  an  average  of  50  tons  has  been  smelted 
in  these  furnaces,  and  even  60  tons  have  been  put  through  ;  but  the 
experience  at  Globe  and  elsewhere  has  proved  that  this  forced  rate  of 
smelting  leads  to  an  increased  loss  of  copper  in  the  slag  and  is  not 
economical.  Excellent  smelting  can  be  done  in  these  furnaces,  when 
the  rate  of  smelting  is  not  pushed  much  above  40  tons  per  day.  The 
charging  of  these  furnaces  is  done,  like  that  of  an  iron  furnace,  in 
horizontal  layers,  charges  of  coke,  ore,  and  the  necessary  fluxes  alter- 
nating in  regular  order. 

The  consumption  of  fuel  varies  somewhat,  of  course,  with  the 
nature  of  the  ore  smelted  and  the  character  of  the  fuel.  The  best 
fuel  used  in  the  Southwest  is  what  is  known  as  patent  English  coke, 
from  Cardiif,  Wales,  where  the  coke  is  made  from  the  best  washed 
coal.  It  is  very  hard  and  resonant,  and  contains  about  11  percent, 
of  ash.  Next  to  this  coke  in  value  is  the  Connellsville,  and  the 
least  valuable  is  that  made  from  the  Cretaceous  and  Tertiary  coals 
of  Colorado  and  New  Mexico.  The  consumption  of  fuel,  de[)ending 
on  the  character  of  coke  used  and  ore  treated,  varies  from  15  to  20 
per  cent.     There  seems  to  be  no  saving  in  fuel  by  increasing  the 
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rate  of  smelting  in  a  42-inch  furnace  beyond  40  tons  per  day;  but 
a  small  s:iving  of  fuel  has  been  found  in  using  larger  furnaces  built 
on  the  Raschette  principle,  of  which  more  anon. 

In  the  summer  of  1883,  the  basic  ores  of  the  Longfellow  mines 
and  siliceous  ores  of  the  Metc;ilf  and  Queen  were  treated  at  the  works 
of  the  Arizona  Copper  Company.  In  two  months'  time  2140  tons 
of  copper-ore  were  treated,  requiring  the  addition  of  the  following 
fluxes:  iron-ore,  410  tons;  limestone,  740  tons.  There  were  also 
smelled  410  tons  of  foul  slag,  and  the  total  coke  consumed  amounted 
to  about  500  tons.  The  average  yield  of  the  ores  was  12|  percent, 
of  copper,  and  the  average  of  the  whole  charge  a  little  over  7  per 
cent.  The  consumption  of  coke  was  177  pounds  for  100  pounds  of 
copper  produced. 

In  the  winter  of  1883  and  spring  of  1884,  the  Arizona  Copper 
Company  built  its  present  large  smelting  plant.  It  consists  of  five 
round  furnaces  blown  by  five  Baker  blowers,  operated  by  water-power 
or  a  compound  Corliss  steam-engine,  as  desired.  Above  the  smelt- 
ing-furnaces  there  is  a  series  of  ore-,  flux-,  and  coke-pockets,  which 
are  filled  from  the  dump-cars  run  over  them  on  the  overhead  railway 
tracks.  The  plant  is  much  larger  than  was  warranted  by  the  capacity 
of  the  mines;  and  the  cost  has  been  very  great.  The  cost  of  grading 
alone,  for  the  ore-pockets,  smelting-plant,  and  approaches,  was  in 
the  vicinity  of  3100,000. 

The  Detroit  Copper  Company,  now  located  at  Morenci,  near  the 
Longfellow  mines,  began  smelting  in  round  water-jacket  furnaces 
several  years  ago,  at  a  point  on  the  San  Francisco  River,  some  two 
miles  down  the  stream  from  Clifton.  They  there  erected  a  dam 
across  the  river  and  utilized  the  water-power,  hauling  the  ores  from 
their  mines  near  the  Longfellow.  In  1884  this  company,  after 
mature  deliberation,  decided  to  change  the  location  of  its  works  and 
erect  them  at  the  mines,  connecting  them  with  the  Coronado  narrow- 
gauge  system,  thus  saving  the  hauling  of  all  the  ore.  As  it  takes 
only  one  ton  of  coke  to  smelt,  say,  6  tons  of  ore,  the  mines  become 
the  natural  place  for  smelting  operations,  other  things  being  equal. 
The  drawback  to  the  location  of  the  smelter  at  Morenci  was  the 
entire  absence  of  water  at  that  point.  The  novel  proposition  was 
made,  and  has  been  successfully  carried  out,  to  pump  water  from 
the  San  Francisco  River  for  a  distance  of  seven  miles,  and  against 
an  elevation  of  1700  feet,  to  the  proposed  location  of  the  smelting 
plant.  The  pump  is  operated  at  the  San  Francisco  River  by  the 
power  of  the  river,  derived  from  throwing  a  dam  across  the  stream. 
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The  line  of  pipe  is  4  inches  in  internal  diameter,  and  the  lower  por- 
tion of  it  is  made  of  what  is  known  as  oil-line  pipe,  capable  of  stand- 
ing a  pressure  of  over  one  thousand  pounds  to  the  square  inch.  In 
the  building  of  the  smelter,  improvements  were  introduced,  which 
now  represent  the  most  advanced  practice  in  the  Southwest.     Instead 

Fig.  16. 


Raschette  Copper-furnace ;  iSide  Elevation  and  Verticul  Half-section. 

of  depending  on  a  number  of  small  round  furnaces,  a  rectangular 
furnace,  32  inches  wide  and  72  inches  long,  was  erected,  as  shown 
in  Figs.  16  and  17.     The  construction  is  as  follows: 

There  are  two  water-jackets,  the  upper  one,  B,  supported  by  the 
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pillars  i,  the  lower  one,  A,  resting  on  the  bed-plate  carried  by  the 
pillars  A'  The  crucible  C  is  lined  with  brick  and  clay,  like  those 
of  the  round  furnaces,  and  can  be  cleaned  by  the  falling  of  the  drop- 
doors  D.     H  are  the  tapping-notches  ;  31,  the  cinder- notches  ;  Fy 


Fig.  17. 


Kaschette  Copper-furnace,  Front  Elevation. 

the  tuyeres  supplied  with  blast  from  the  blast-main  E ;  R,  blow-off 
cocks  in  the  lower  water-jacket.  The  water  for  the  upper  jacket 
enters  through  the  system  of  pipes  Q,  and  is  discharged  through  the 
pipes  P  into  the  gutter  K,  which  also  carries  off  the  spent  water 
from  the  lower  jacket -4.     The  upper  part  of  the  furnace  is  sur- 
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rounded  by  the  shell  0,  and  contains  a  charging-bell  and  hopper 
which  is  elevated  or  lowered  by  the  levers  V.  This  charging-bell 
has  now  been  removed,  and  in  its  place  a  simple  charging-hopper 
has  been  substituted  like  the  hopper  used  in  the  furnaces  of  the 
Grant  Smelting  Works  at  Denver,  Col. 

The  character  of  ore  smelted  in  this  furnace  is  entirely  similar  to 
that  smelted  in  the  furnaces  of  the  Arizona  works. 

The  following  is  an  average  analysis  of  the  slags  made  in  this 
furnace  in  the  winter  of  1885: 

SiOj, 29.50 

FeO, 37.08 

AlA 14.07 

CaO, 9.02 

MgO 7.44 

MnO, 1.13 

Cu, 1.82 

S, 0.30 

100.36 

The  capacity  of  this  Raschette  furnace  is  about  60  tons  per  day, 
and  a  saving  of  about  10  per  cent,  of  the  fuel  above  that  used  in  the 
operation  of  round  furnaces  has  been  noted.  It  requires  no  more 
men  to  operate  this  furnace,  and  on  the  whole,  there  should  be  a 
decided  saving  in  the  cost  of  the  treatment  of  ores  as  compared  with 
the  smaller  round  furnaces.  At  the  rates  ruling  for  labor  and  fuel 
in  the  Clifton  district,  the  cost  of  treating  ore  in  this  furnace  is 
about  $8  a  ton. 

The  production  of  copper  in  the  Clifton  district  is  at  present 
about  11,000,000  pounds  per  annum,  of  which  quantity  the  Arizona 
Copper  Company  produces  about  7,000,000  pounds  and  the  Detroit 
Copper  Company  the  remainder.  The  copper  from  this  camp  was 
the  first  in  -the  market,  and  is  the  one  which  has  made  Arizona 
copper  best  known  for  its  fine  qualities.  Containing  neither  arsenic, 
antimony,  nor  silver,  the  metal  is  for  most  purposes  the  equal,  and 
for  some,  the  superior,  of  Lake  copper. 

The  Bisbee  Copper  District. — ^The  second  copper  district  to  be- 
come productive  in  the  Southwest  was  the  Warren  district,  better 
known  as  the  Bisbee  mining  camp,  located  in  the  Mule  Pass  Moun- 
tains, in  Cochise  county.  Southern  Arizona.  The  mines  are  about 
eight  miles  north  of  the  boundary-line  between  Arizona  and  the 
State  of  Sonora,  Mexico.  They  were  originally  discovered  by  Henry 
Warren,  after  whom  the  mining  district  is  named  ;  but  it  was  not 
till  1879  that  any  work  of  moment  was  done  on  the  claims. 
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lu  the  autumn  of  1880  the  first  water-jacket  furnace  erected  in 
Arizona  was  put  up  at  the  now  well-known  Copper  Queen  mine  of 
this  district,  and  at  once  commenced  producing.  From  that  day  to 
this,  the  mine  has  maintained  a  phenomenal  output ;  and  the  present 
indications  are  that  the  yield  of  this  camp  will  continue  for  many 
years  to  come.  The  ore  smelted  in  1880  yielded  25  per  cent,  of 
copper.  Since  then,  the  percentage  of  the  ore  has  gradually  fallen, 
until  now,  when  the  proportion  of  metal  in  the  ore  smelted  is  often 
less,  and  rarely  more,  than  10  per  cent. 

The  principal  mines  of  the  Warren  district  are  found  in  lime- 
stone of  the  Lower  Carboniferous  age,  as  determined  by  the  presence 
of  spirifers  and  corals.     The  Mule  Pass  mountains  are  a  short  east- 

FiG.  18. 


■4.    ERUPTIVE  ROCK   "*•*■- 


Section  across  Bisbee  Canon,  showing  Bodies  of  Ore  in  Limestone. 


and-west  range,  produced  by  the  upheaval  of  the  Lower  Carbonifer- 
ous limestone,  which  overlies  a  huge  mass  of  eruptive  rock.  The 
top  of  the  anticlinal  axis  formed  by  the  upheaval  has  since  been 
eroded  and  an  irregular  mountain  of  eruptive  rock  now  takes  its 
place.  Both  on  the  north  and  south  contact  of  the  eruptive  rock 
with  the  bedded  limestone  eafions  have  been  formed  by  erosion; 
and  it  is  in  the  southerly  canon  that  the  Copper  Queen  and  other 
large  producing  mines  are  found. 

Fig.  18  illustrates  the  character  of  deposition  of  ores  in  these 
mines.  The  limestone  forms  the  south  slope,  and  the  eruptive  rock 
the  north  slope  of  the  caflon.     In  the  deep  workings  of  the  Queen 
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mine,  on  the  400-foot  level,  the  top  of  a  mass  of  eruptive  rock  has 
been  found,  which  has  been  microscopically  determined  by  Dr.  A. 
Julien  to  be  a  felsite  porphyry.     Dr.  Julien  says  : 

"  The  felsite  porphyry  consists  of  large  crystalline  grains  of  quartz  and  orthoclase 
in  a  fine  felsitic  ground-mass.  The  quartz  encloses  numerous  grains  and  globules 
of  glass  and  stony  matter,  sometimes  with  a  fixed  bubble;  also  particles  of  ortho- 
clase and  a  few  colorless  needles.  In  places  along  the  hexagonal  outlines  of  the 
quartz  gi-ains,  tongues  of  stony  matter  project  into  the  crystals  from  the  neighboring 
ground  mass  and  even  entirel)'  across  them,  a  common  occurrence  in  an  eruptive 
rocki  The  Sanidin  (orthoclase)  grains  present  less  regular  outlines  than  those  of 
the  quartz,  and  have  been  generally  rendered  milky  white  by  kaolinic  alteration. 
The  ground-mass  consists  mainly  of  a  fine  granular  intermixture  of  quartz  and  feld- 
spar, the  latter  clear  or  in  a  cloudy  state,  together  with  a  small  quantity  of  pyrite 
in  minute  particles  and  films  of  brownish-yellow  ochre.  The  microscope  discloses 
the  marked  presence  of  fluid  structure.  A  little  hornblende  is  present  in  dark 
greenish-gray  granules  of  fibrous  texture.  Pyrite  is  generally  distributed  in  cubical 
or  aggregated  crystalline  grains  of  some  size  through  the  fine  granular  structure. 
This  rock  is  undoubtedly  eruptive." 

In  this  district,  as  in  the  Clifton  district,  a  distinction  can  be 
made  between  veins  and  ores  found  in  the  limestone  and  those  in  the 
silicions  or  eruptive  rocks.  The  ores  of  the  latter  are  silicious,  and 
within  a  few  feet  of  the  surface  change  into  copper  glance  and  at 
greater  depth  into  pyrites ;  the  ores  of  the  former  are  oxidized  ;  and, 
although  a  depth  of  over  400  feet  has  been  reached  below  the  sur- 
face in  the  Queen  mine,  at  Bisbee,  no  trace  of  sulphur  has  yet  been 
discovered. 

The  copper-ores  in  Warren  district  all  occur  in  true  fissures; 
and  the  two  principal  producing  mines  of  the  district,  the  Copper 
Queen  and  the  Copper  Prince,  present  great  similarities  and  in 
every  particular  carry  out  the  description  of  "  bed-veins"  given  by 
Cotta.  The  outcrop  of  the  ore  starts  between  the  bedding  of  the 
limestone;  and,  as  Cotta  remarks,  the  ore-bodies  might  be  mis- 
taken for  ore-beds  and  not  bed-veins,  were  it  not  for  the  presence  of 
spurs  into  the  walls. 

Fig.  18  illustrates  this  structure.  The  spurs  in  these  ore-deposits 
usually  follow  the  planes  of  bedding  of  the  limestone.  The  lime- 
stone generally  occurs  in  blocks,  and  the  ore  then  follows  the  plane 
of  bedding  until  it  comes  to  a  cross  seam  from  one  bed  to  the  other, 
when  the  ore  will  sometimes  jump  to  the  next  seam.  In  places 
these  seams  are  several  inches  or  even  a  foot  wide,  and  completely 
surround  blocks  of  limestone;  and  the  vein  then  assumes  the  char- 
acter of  a  stockwerk.     In  other  places,  what  have  evidently  been 
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vugs  and  caves  in  the  bedded  limestone  have  been  filled  by  the  ore. 
Not  all  of  the  caves  near  the  ore-bodies  contain  ore.  A  notable  one, 
east  of  and  near  the  big  Copper  Queen  ore-body,  has  perfectly  smooth 
and  rounded  water-worn  sides  ;  and  in  the  bottom  of  this  cavity 
round  boulders,  gravel,  and  sand,  of  limestone  and  quartz  are  found, 
as  if  this  cavity  had  formerly  been  the  seat  of  intense  geyser  action 
and  the  materials  now  lying  in  the  bottom  of  the  cave  were  form- 
erly violently  churned  in  it.  To  those  who  have  studied  the  de- 
position of  ores  in  this  district,  there  can  be  no  doubt  that  there  is 
some  relation  between  the  existence  of  these  cavities  in  the  lime- 
stone and  the  deposition  of  the  ore.  When  the  Copper  Queen  was 
first  opened,  a  horizontal  drift  and  open-cut  was  run  in  on  the  bed- 
ding of  the  limestone,  following  the  outcrop  of  the  copper-ore.  Only 
a  little  way  in,  the  ore  began  to  rise,  and  the  work  eventually  formed 
what  is  now  the  great  open-cut  of  the  Copper  Queen  mine.  Form- 
erly, no  doubt,  a  huge  cave  occupied  this  place,  the  bottom  and  sides 
of  which  were  gradually  covered  with  ore.  From  the  roof  of  this 
cave,  stalactites  of  carbonate  of  lime  were  dependent;  and  in  parts 
of  the  cave  these  stalactites  contained  not  only  carbonate  of  lime  but 
carbonate  of  copper  as  well,  the  ore  occurring  in  the  shape  of  a  series 
of  concentric  rings,  the  carbonate  of  lime  always  finally  covering  the 
copper  ore.  Here,  then,  we  must  have  had  a  successive  series  of 
changes  in  the  deposition  of  ore  and  carbonate  of  lime  from  the  roof 
of  the  cave. 

The  deposition  of  copper  from  a  liquid  is  rarely  shown  as  com- 
pletely as  in  the  principal  copper  mines  of  this  district,  and  it  seems 
to  have  been  accompanied  at  the  same  time  by  a  deposition,  in  the 
adjacent  country  rock  which  now  forms  the  walls  of  the  veins,  of 
both  silica  and  alumina,  and  more  or  less  copper.  At  one  point  in 
the  Copper  Queen,  some  200  feet  below  the  surface,  the  walls  of  the 
Great  Queen  ore-body  are  very  well  defined,  perfectly  smooth  and 
separated  from  the  hanging-wall  by  a  clay  gouge,  some  two  inches 
in  thickness.  The  clay  gouge  readily  flakes  oif  from  the  smooth 
hanging-wall,  and  the  wall  itself  is  decolorized  and  stained  almost 
black.  Samples  taken  from  this  wall  carried  1  per  cent,  of  copper, 
and  considerable  iron,  alumina,  and  silica. 

Contrary  to  the  generally  accepted  theory  of  the  occurrence  of 
oxidized  copper-ores,  the  writer  has  doubts,  whether  the  ores  of  this 
district,  as  far  as  known,  have  ever  been  sulphurets  in  their  present 
position.  The  whole  deposition  tends  to  prove  that  the  ores  are  not 
a  secondary  decomposition  or  alteration  of  what  was  formerly  sul- 
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phurets,  but  have  been  precipitated  as  carbonates  from  an  acid  solu- 
tion which  carried  them  from  the  depths  below.  The  origin  is 
probably  in  the  eruptive  rock,  which,  according  to  the  microscopical 
examination,  contains  considerable  quantities  of  disseminated  parti- 
cles of  pyrites.  Heated  water,  flowing  through  such  a  rock,  would 
dissolve  silica,  alumina,  and  salts  of  copper  and  reprecipitate  them 
on  entering  an  overlying  belt  of  limestone  beds,  thus  forming  the 
peculiar  and  erratic  condition  of  veins  which  have  been  so  generally 
called  ore-"  pockets  "  or  deposits.  There  is  no  theory  under  which 
the  present  condition  of  affairs  can  be  explained  satisfactorily,  if  the 
ore  and  limestone  are  supposed  to  be  of  the  same  age  in  formation. 
The  veins  in  the  limestone  are,  undoubtedly,  subsequent  to  the  de- 
position of  the  Lower  Carboniferous  limestone  and  to  that  of  the 
eruption  of  the  felsite-porphyry  underneath. 

At  one  point  in  the  Queen  mine,  the  copper-vein  approaches  to 
within  a  few  feet  of  the  underlying  porphyry,  and  passes  on  over  it. 
Had  the  vein  been  formed  anterior  to  the  eruption  of  the  felsite- 
porphyry  this  condition  of  affairs  could  not  have  been  possible. 
The  shattered  limestone  near  the  porphyry  gives  evidence  of  a  great 
deal  of  motion,  and  the  vein,  if  present  at  that  time,  would  un- 
doubtedly have  been  affected  to  at  least  the  same  extent  as  the  lime- 
stone. 

In  following  the  spur  of  a  large  ore-body  in  this  district  to  its  end 
in  the  limestone,  it  is  a  matter  of  common  occurrence  that  when  the 
spur  narrows  down  to  a  foot  or  less  in  width  it  becomes  entirely 
barren.  Traced  from  this  point  onward  until  it  completely  disap- 
pears in  the  limestone,  it  is  found  to  be  filled  with  crystallized  calcite. 
This  peculiarity  can  be  adduced  as  another  reason  for  positively 
stating  that  the  great  ore-bodies  of  the  Bisbee  mining  district  are 
fissure-veins  and  not  ore-beds.  So  well  is  this  fact  recognized  by 
the  practical  miner  that  he  will  invariably  follow  a  vein  of  spar 
while  searching  for  ore. 

The  porphyry  on  the  north  side  of  Bisbee  cafion,  near  the  line  of 
contact  with  the  limestone  has,  at  the  instance  of  the  writer,  been 
subjected  to  examination  under  the  microscope.  Although,  in  ap- 
pearance to  the  eye,  quite  unlike  the  felsite-porphyry  found  on  the 
400-foot  level  of  the  Copper  Queen  mine,  it  is  very  probably  a  part 
of  the  same  eruptive  rock.  The  differences  in  appearance  are  due 
probably  to  a  different  rate  of  cooling  of  the  molten  rocks,  and  to 
the  subsequent  action  of  thermal  waters.  Two  samples  taken  from 
the  surface  of  the  porphyry  upon  the  north  side  of  Bisbee  cailon 


THE  CX)PPER-ORES  OF  THE    SOUTHWEST.  57 

were  cut  and  microscopically  examined.  What  to  the  eye  appears 
as  a  quartzite  is  proved  by  this  examination  to  be  an  altered  rock, 
changed  by  thermal  action  into  almost  pure  silica.  In  some  pieces 
the  ground-mass  of  the  porphyry  is  completely  obliterated,  and  the 
rock  is  composed  practically  of  pure  silica.  Other  pieces,  and  these 
are  in  the  majority,  show  a  ground-mass  intersected  by  numerous 
small  veinlets  of  silica,  evidently  due  to  infiltration  or  thermal 
action. 

As  the  limestone  hill  which  forms  the  southern  slope  of  Bisbee 
cafion  is  ascended,  the  rock  gradually  changes,  near  the  top,  from  a 
pure  dolomitic  limestone,  in  which  the  veins  are  found  near  the  base 
of  the  mountain,  to  a  pure  quartzite,  and  then  back  into  dolomite. 
This  belt  of  quartzite  is  found  parallel  to  Bisbee  cafion  and  to  the 
contact  between  the  porphyry  and  the  lime,  and  is  undoubtedly 
caused  by  thermal  action.  The  bedding  of  the  quartzite  is  con- 
formable with  that  of  the  limestone,  and  indeed  the  same  bed  of 
rock  will  alter  and  be  imperceptibly  changed  in  walking  from  one 
end  to  the  other.  No  distinct  line  separating  the  quartzite  and  dolo- 
mite can  be  discovered.  On  the  400-foot  level  of  the  Queen,  a 
single  layer  of  quartzite  has  been  found  with  limestone  both  above 
and  below.  We  see  in  all  this,  evidences  of  intense  thermal  action 
at  some  remote  time.  The  ore-bodies  proper  have,  so  far  as  I  know, 
been  found  only  in  dolomitic  limestone  and  never  in  the  quartzite. 

Following  Bisbee  cafion  to  the  east,  a  range  of  copper-ores  can  be 
traced  along  or  near  the  contact  a  distance  of  some  four  or  five 
miles  ;  and  at  a  still  greater  distance,  not  far  from  Solomon  Springs, 
in  the  same  direction,  large  outcrops  of  iron  have  been  found  but 
not  prospected.  The  iron  out-crop  at  this  point  is  very  compact, 
and  in  reality  a  rich  iron-ore.  Whether  or  not  copper  will  be  found 
underneath,  is  a  matter  of  doubt.  Usually,  all  over  the  Southwest, 
when  the  outcrop  has  been  compact  and  has  not  presented  that  porous 
decomposed  appearance  so  well-beloved  by  all  practical  miners,  the 
vein  has  remained  barren  of  copper  in  depth. 

In  the  Bisbee  district,  comparatively  little  work  has  been  done 
on  veins  occurring  in  the  porphyry.  The  only  ore-body  of  any 
importance  which  has  been  developed  in  the  porphyry,  so  far,  is  a 
vein  on  the  Silver  Bear  claim. 

The  oxidized  copper-ore,  as  usual  in  silicious  rocks,  changed  into 
copper  glance  but  little  below  the  outcrop.  At  an  inconsiderable 
depth  it  became  very  much  impoverished  and  pinched.  In  fact, 
here  and  elsewhere,  the  copper  glance  appears  to  be  not  a  true  ore 
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at  all,  but  a  product  of  decomposition  and  of  secondary  origin, 
derived  from  the  leaching  of  the  vein  above  and  subsequent  concen- 
tration at  a  lower  point.  To  those  conversant  with  the  beautiful 
process  of  "  kernel-roasting,"  the  presence  of  a  zone  of  copper  glance 
presents  a  similar  phenomenon  on  the  grand  scale  of  nature's  work. 
The  oxidation  of  pyritous  croppings  is  but  a  roasting,  carried  out 
during  ages,  by  the  combined  action  of  air  and  moisture. 

The  mining  of  the  great  ore-bodies  of  the  Bisbee  district,  notably 
those  of  the  Copper  Queen  and  Copper  Prince  mines,  has  been  carried 
out  in  a  very  systematic  manner,  entirely  different  from  that  of  the 
Clifton  district,  where  the  Mexican  system  of  mining  ruled  for  many 
years.  Wages  in  the  Bisbee  district  were  formerly  $4  a  day,  and  the 
work  was  done  entirely  with  American  miners.  Economy  in  both 
mining  and  handling  at  once  became  the  rule.  Of  late,  the  wages  have 
been  reduced  to  $3  a  day,  but  only  American  miners  are  employed. 

The  mining  is  generally  done  on  the  well-known  system  of  under- 
hand stoping  and  timbering  in  square  sets,  so  common  in  the  West. 
Sawed  Oregon  or  Huachuca  pine,  usually  10  or  12  inches  square,  is 
used,  and  the  sets  are  made  7  feet  high  and  5  feet  from  center  to 
center.  Even  with  this  heavy  timbering  occasional  crushing  takes 
place.  But  no  such  extensive  caving  as  occurred  at  the  Longfellow 
mine  of  Clifton,  some  four  years  ago,  has  ever  taken  place  in  the 
Bisbee  district,  by  reason  of  the  more  scientific  methods  of  working. 
The  old  Longfellow  workings  are  now  caved  in  over  an  area  of 
several  acres,  because  of  the  almost  entire  absence  of  timbering  in 
the  old  stopes. 

The  Copper  Queen  mine,  which  has  given  fame  to  the  Bisbee 
district,  was  opened,  as  already  remarked,  in  1880.  Smelting  was 
begun  in  August ;  and  from  that  date  to  this  there  have  been  mined 
and  smelted  an  average  of  about  100  tons  of  ore  per  day.  In  the 
year  1883  the  cost  of  mining — including  all  expenses,  such  as  tim- 
bering— was  about  $8.50  per  ton.  The  cost  of  smelting  amounted 
to  about  $10  per  ton  of  ore  treated,  and  the  yield  of  the  ore  was 
about  12^  per  cent.  Since  that  date  the  yield  of  the  ore  of  the 
Copper  Queen  mine  has  fallen  off  considerably,  dropping  below  10 
per  cent. ;  but  the  cost  of  coke,  labor,  and  freights  of  metal  to  New 
York,  have  all  been  materially  reduced,  so  that  even  at  the  present 
unexampled  low  price  of  copper,  the  company  is  doing  well.  Run- 
ning two  furnaces,  as  the  Copper  Queen  company  does,  the  cost  of 
smelting  can  to-day  hardly  exceed  $8  per  ton,  and  the  cost  of  mining 
is  probably  not  in  excess  of  $6  or  $7.    This  would  make  the  cost  o  ' 
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metal  on  the  spot,  from  an  ore  yielding  10  per  cent.,  about  7|  cents 
per  pound. 

The  Bisbee  district  at  present  contains  three  smelting-works. 
The  largest,  that  of  the  Copper  Queen,  has  two  42-inch  round 
water-jacket  furnaces.  The  Arizona  Prince  Copper  Company  has 
one  42-inch  water-jacket  furnace,  and  tlie  Xeptune  Mining  Com- 
pany is  building  a  third.  The  cost  of  a  one-furnace  smelter  is  about 
825,000,  complete.  Smelting,  at  both  the  Queen  and  the  Prince 
mines,  is  done  without  any  fluxes.  The  ore  coming  from  the  mine 
is  usually  sorted  into  two  or  three  qualities,  and  these  are  mixed  to 
produce  the  proper  smelting  mixture. 

Two  complete  analyses,  one  of  the  Queen  and  the  other  of  the 
Prince  slag,  are  given  below,  which  represent  the  slags  commonly 
made  in  this  district.  That  of  the  Prince  may  be  called  the  standard 
slag.  The  Queen  slag  is  rather  too  basic,  and  hence  contains  more 
copper  than  the  Prince.  The  analysis  of  the  Prince  slag  is  an 
average  of  two  months'  smelting: 

^  Prince.  Queen. 

SiOj, 27.16  24.67 

FeO 34.62  44.85 

AlA. 14.70  15.57 

CaO 17.42  10.92 

MgO, 3.51  1.75 

MnO 0.49  0.39 

Cii 1.64  2.10 

S, 0.33  0.28 

99.87  100.53 

It  was  at  the  Copper  Queen  mine  that  the  round  water-jacket 
furnaces,  as  now  used,  were  first  employed  in  the  Southwest  by  the 
Messrs.  Williams,  who  are  still  in  charge  of  the  property,  and  to 
whose  management  the  success  of  the  enterprise  is  in  a  large  measure 
due.  The  Copper  Queen  mine  has  the  notable  record  of  having 
paid,  to  date,  upon  an  original  investment  of  less  than  $100,000,  in 
1880,  dividends  amounting  to  over  $1,250,000. 

In  Fig.  18,  giving  a  section  of  the  Bisbee  caflon,  a  vein  of  ore 
will  be  seen  cutting  down  almost  vertically  through  the  limestone, 
near  the  top  of  the  hill.  In  a  number  of  locations  in  the  Bisbee 
district,  notably  the  Hendricks  almost  due  south  of  the  Copper 
Prince  mine,  vertical  veins  of  lead  carbonates  and  sulphides  cut  the 
limestone.  In  depth,  the  lead  carbonates  have  invariably  given  out, 
and  what  ore  is  found  in  depth  in  these  vertical  fissures  is  copper- 
ore.  It  is  probable  that  these  veins  are  spurs  of  the  great  bed-veins 
oi>ened  on  the  Queen,  Prince,  and  other  mines.     The  quality  of  the 
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metal  made  in  the  Bisbee  district  ranks  as  high  as  any  of  the  copper 
made  from  oxidized  ores  in  the  Southwest. 

The  following  analysis  of  an  average  of  5  cars  (60  tons)  of  Prince 
bullion,  made  by  the  Orford  Copper  Company,  speaks  for  itself: 

Cu, 95.00  per  cent. 

S 0.44 

Fe, 4.23 

Insol.  residue, 0.51        " 

As, none 

Sb, none 

The  annual  output  of  the  Bisbee  district  is  about  7,000,000 
pounds  ingot.  There  will  probably  be  some  increase  in  production 
in  the  future,  and  there  seems  to  be  no  reason  to  expect  a  smaller 
yield  for  some  years  to  come. 

The  Globe  Copper  District. — The  Globe  district,  in  Maricopa 
county,  Arizona,  east  of  the  Pinal  Mountains,  has  been  since  1882 
a  large  producer  of  copper.*    The  original  discovery  was  made  many 

Fig.  19. 
old  dominion  keystone. 


Section  of  Old  Dominion  and  Keystone  Workings. 

years  before  by  prospectors  crossing  the  country  in  search  of  what 
is  now  the  Silver  King  mine,  but  no  claims  were  located,  as  copper 
at  that  time  was  valueless  in  this  locality. 

The  principal  operations  in  this  district  have  been  carried  on  by 
the  Old  Dominion  Company,  which  was  formed  to  work  the  Old 
Dominion  mine.  This  mine  and  the  adjoining  one  are  a  fissure  in 
bedded  sandstone.  The  sandstone  dips  about  fifteen  to  twenty 
degrees  to  the  south,  and  the  vein  strikes  northeast  and  south- 
west, and  dips  vertically.  The  vein  is  two  feet  wide,  with  many 
barren  strips,  the  ore  occurring  in  patches  only.     Fig.  19  shows  the 

*  For  much  valuable  information  concerning  this  district,  including  analyses,  etc., 
I  am  indebted  to  Mr.  Alexander  Trippel,  a  member  of  the  Institute,  and  Superin- 
tendent of  the  Old  Dominion  Copper  Mining  Company. 


THE   (X)rPER-ORES  OF  THE   SOUTHWEST. 


61 


workings.  The  upper  tunnel  is  300  feet  above  the  adit.  The  ore 
sraelttxl  from  this  mine  at  the  Old  Dominion  works,  after  careful 
assorting,  averaged  twenty  per  cent.,  but  contained  a  considerable 
amount  of  both  arsenic  and  antimony,  and  a  limited  amount  of 
silver  and  gold.  The  mine  never  paid  expenses,  and  has  been  idle 
and  abandoned  for  several  years. 

The  ore  from  the  sandstone  was  siliceous,  as  might  have  been 
expected,  and  could  only  be  worked  with  a  large  amount  of  flux. 
In  this  district,  as  elsewhere  in  the  Southwest,  self-fluxing  or  basic 
ores  are  the  only  ones  which  can  be  worked  alone  with  protit. 

The  New  York  and  Chicago  mines,  near  the  site  of  the  former 
smelter  of  the  Old  Dominion  Company  at  the  Bloody  Tanks,  are 
located  on  a  vein  with  a  number  of  branches  striking  N.  30°  E., 

Fig.  20. 


SANDSTONE 


Plan  of  Globe  Mine. 
ab,  ef,  Boundaries  of  trachyte,  as  shown  on  surface. 
ab,cd,  "  "  "         "      "        in  adit-level. 

and  dipping  almost  vertically  in  a  country-rock  of  talcose  slate  and 
gneiss.  The  vein  has  a  good  clay  selvage,  strong  walls  and  looks 
persistent,  but  is  very  silicious,  practically  pure  quartz,  from  two  to 
three  feet  wide, carrying  a  little  malachite  and  considerable  bunches 
of  azurite,  the  latter  often  occurring  in  large  crystals.  Both  this 
group  of  veins  and  the  Old  Dominion  before  referred  to  are  idle  to' 
day. 

The  copper  bullion  produced  in  the  Globe  district,  which  has 
made  the  Old  Dominion  Company  one  of  the  large  producers  in  the 
Southwest,  has  been  mined  on  the  Globe  and  Globe  ledge  claims, 
near  the  town  of  Globe.  They  are  situated  on  the  crest  of  a  hill 
forming  a  spur  of  the  eastern  slope  of  the  caflon  along  which  the 
town  is  built.  The  surface  geology  is  shown  by  the  sketch.  Fig.  20. 
The  country-rock  in  which  the  vein  of  the  old  Globe  and  Globe 
ledge  is  found  is  carboniferous  limestone,  proved  to  be  such  by 
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numerous  corals  and  fossil  shells  found  in  it;  and  the  vein,  which 
is,  undoubtedly,  a  fissure  crossing  the  limestone,  is  found  near  an 
upheaval  of  diorite.  Near  the  surface  the  diorite  forms  the  foot- 
wall  of  the  ore  body.  Cutting  the  diorite  and  limestone  is  a  trachyte 
dyke,  having  an  east  and  west  course.  The  exact  location  of  the 
dyke  is  shown  in  Fig.  20.  On  the  surface  it  covers  a  more  consid- 
erable width,  but  underground  it  is  found  to  narrow  down  to  a  dyke 
some  30  feet  wide. 

Approaching  the  great  ore-body  through  the  long  adit-tunnel  run 
lengthwise  of  the  claims,  conditions  similar  to  those  observed  in  the 

Fia.  21. 


ADIT  LEVEL" 


Section  of  Globe  Mine.    The  limestone  on  tlie  right  dips  less  steeply  than  is  here 
indicated — about  15°  only. 

Longfellow  mines  of  Clifton,  and  the  Queen  and  Prince  mines  of 
Bisbee,  are  found  to  obtain.  The  rock  becomes  decomposed  and 
kaolinized,  especially  near  the  contact  of  the  diorite  and  limestone. 
The  kaolinized  rock  is  extremely  soft,  has  an  unctuous  touch,  and 
can  be  cut  with  a  knife  precisely  like  the  wall-rock  of  the  Long- 
fellow mine.     Where  the  great  ore-body  is  found  entirely  in  lime- 
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Stone,  the  latter  is  discolored  near  the  ore,  and  appears  to  con- 
tain alumina,  silica,  iron,  and  a  little  copper,  as  in  the  Bisbee  dis- 
trict. 

The  diorite  found  on  the  surface  of  the  Globe  claims  is  undoubt- 
edly of  eruptive  orij^in.  It  disappears  below  the  overlying  lime- 
and  sandstones  a  little  to  the  north  of  the  outcrop  of  the  vein  on 
the  old  Globe-ledge  claim,  and  does  not  again  reappear  for  over  a 
mile  on  the  strike.  Where  it  does  again  appear,  a  contact-vein  of 
iron-ore  has  been  found.  No  large  amount  of  copper  has  been  dis- 
covered at  this  contact.  Where  ore  has  been  found  entirely  in  the 
diorite  the  ore  has  been  a  copper  glance,  and  has  given  out  in  this 
district,  as  elsewhere,  after  inconsiderable  developments  have  been 
made  in  depth.  For  the  Globe  mines,  as  for  the  others  already  de- 
scribed, the  theory  of  a  deposit  has  been  set  up;  but  this  mine,  like 
all  the  others,  is  held  by  the  writer  to  be  a  true  fissure-vein.  The 
Globe  mine  has  been,  perhaps,  the  most  regular  of  all  the  veins 
described.  Fig.  21  is  a  section.  While  the  Longfellow  can  be 
likened  to  a  series  of  lenticular  bunches  connected  by  thinner 
branches,  and  the  Queen  and  Prince  to  huge  chambers  connected 
by  thin  strings,  the  Globe  has  more  the  nature  of  a  great  chimney, 
dipping  almost  parallel  with  the  contact  of  the  diorite  and  limestone, 
and  having  a  pitch  of  about  45°  S.  On  the  immediate  contact  of 
the  diorite  and  limestone,  a  small  seam  of  ore  is  occasionally  found; 
but  it  is  not  a  profitable  source  of  copper. 

Milling  in  the  old  Globe  mines  is  done  as  in  the  Bisbee  district, 
by  square  sets,  12"  x  12"  timber  being  used.  Owing  to  the  almost 
continuous  character  of  the  great  chimney  of  ore,  expense  for  dead 
work  has  been,  in  a  large  measure,  avoided  in  this  mine ;  and  the 
cost  of  raining  the  ore  is  undoubtedly  lower  than  at  any  of  the 
others  described  above.  In  1883  labor  was  worth  $4  a  day,  and 
12"xl2"  pine  lumber  was  worth  $35  per  thousand  delivered. 
Some  2000  tons  of  ore  were  rained  per  month ;  and  the  cost  of  the 
ore  did  not  exceed  .$5  per  ton  at  the  smelter,  which  is  located  directly 
below  the  mine  at  the  foot  of  the  hill. 

As  elsewhere  in  the  great  ore-bodies  in  limestone  some  of  the  ore 
found  is  moderately  silicious  and  some  very  basic ;  and  mixtures  of 
the  different  ores  are  made  and  smelted  without  any  notable  addi- 
tion of  flux.  Occasionally  a  little  limestone  or  sand  is  added,  if  one 
or  the  other  character  of  ore  should  prevail. 

Average  analyses  of  the  ores  are  as  follows  : 
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CuO 

NgO 

1.12 

.74 

2.85 

.83 

MnO 

1.26 

.40 

1.63 

1.50 

CaO 

trace. 

1.12 

trace. 

S : 

.08 

Pb.O 

.37 

The  analysis  of  the  flux,  which  is  the  dolomite  country-rock,  is  as 
follows : 

CaOCO, 50.97 

MgOCO^, 33.83 

SiOj, 8.21 

FeAAlA 1.67 

HO, 41 

Bituminous  matter, 3.90 

The  smelting  of  the  ores  is  carried  on  in  the  works  located  imme- 
diately below  the  mines,  in  three  .round  42-inch  water-jacket  fur- 
naces of  the  usual  construction,  each  operated  by  a  No.  4|  blower. 

Below  are  average  analyses  of  the  slags  and  bullion  produced. 

Slags. 

FeO 51.30  —  — ' 

Dto  and  AlA —  53.18  57.76 

SiO^ 27.23  31.50  30.83 

AI2O3, 5.22  —  — 

CaO, 5.14  —  — 

MgO, 2.54  6.70  6.87 

CuO, 3.76  2.90  2.77 

MnO, 1.65  —  1.04 

Slags  produced  when  furnaces  are  run  at  a  speed  of  40  tons  per 
diem,  assay  as  follows  : 

Cu.  SiOj. 

1.85  28.00 

1.57  29.10 

1.96  30.20 
1.90  — 

1.75  27.00 

1.84  25.10 
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Average  analysis  of  bullion  (samples  taken  for  two  weeks). 

Cu 99.11 

Pb, 0.67 

S 08 

Slag, 08 

As, trace 

Fe,    ....■..• trace 

The  likJt  analysis,  while  not  fairly  representing  all  the  bullion 
made,  shows  what  exceptionally  good  work  it  is  possible  to  do  in  a 
blast-furnace.  This  bullion  was  so  nearly  pure  copper  that  it  was 
quite  ductile  and  soft,  and  could  be  hammered  into  blocks  without 
splitting  on  the  edges. 

The  actual  cost  of  smelting  for  two  months  is  given  below,  to- 
gether with  other  data  that  may  be  of  interest : 


Materials. 


Ore  smelted,      .        .        . 

Coke  used,  Cardiff,    . 

Coke  used,  Trinidad, 

Bullion  of  98  per  cent,  produced, 

Per  cent,  of  coke  used, 

Yield  of  ore,      .... 

Average  day's  work  per  furnace, 


1926  tons 

368  tons 
242  tons 
19 

12  56 
43  tons 


2250  tons 
198  tons 
207  tons 
283  tons 
17.5 
12.60 


Cost 

Coke  at  $50, $21,324  45 

Pay  roll, 5,020  00 

Salaries, 600  00 

128  tons  flux, 192  00 

Wood  at  $7  per  cord,        ....  840  00 

Charcoal 20  00 

Oil,  etc., 93  00 

Iron,  steel,  etc 180  00 

Chemicals, 77  00 

General  expenses, 650  00 

Wear  and  tear, 600  00 

$29,596  45 

Cost  per  ton  of  ore  smelted,      .        .        .  $15  36 


$26,160  00 

5,475  00 

600  00 

243  00 

805  00 

30  00 
100  00 
300  00 

55  00 
650  00 
600  00 

$35,013  00 
$15  60' 


Since  the  date  when  these  statements  of  cost  were  made,  the  prices 
of  coke  and  labor  have  been  materially  reduced.  Coke,  which  has 
to  be  hauled  from  Wilcox,  a  station  on  the  Southern  Pacific  Railway, 
a  distance  of  120  miles,  to  the  mine,  can  now  be  purchased  $10  per 
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ton  cheaper ;  and  the  labor,  which  at  that  time  was  $4  per  day,  has 
been  reduced  to  $3.  The  relative  value  of  English  and  Trinidad 
(Colorado)  cokes  is  shown  by  the  work  of  the  two  months,  and  in 
round  numbers  is  as  six  to  five.     Trinidad  coke  contains  about  17 

Fig.  22. 


Canon 


CHRYSOCOLLA 


X> 


CHRYSOCOLLA 


Plan  of  Black  Copper  Group,  showing  Bodies  of  Chrysocolla  in  the  Surface- wash, 
and  Diorite  Dyke  above. 

per  cent,  of  ash ;  English  coke  about  5.  San  Pedro  coke,  a  new 
coke  now  mined  near  San  Anton,  on  the  Atchison,  Topeka  and 
Santa  Fe  Railway  in  New  Mexico,  several  hundred  miles  south  of 
Trinidad,  is  rather  better  than  the  Trinidad  coke,  in  being  harder  and 


Fig.  23. 


Section  of  Black  Copper  Group,  at  right-angles  with  Diorite  Dyke. 


more  resonant,  but  equally  objectionable,  owing  to  its  high  percent- 
age of  ash. 

The  principal  item  which  largely  enhances  the  cost  of  producing 
copper  in  this  district  is  the  great  distance  from  the  railroad,  hauling 
being  worth  $1.55  per  hundred  from  Wilcox.     Should  a  railroad  be 
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extended  to  these  mines  from  either  the  Southern  Pacific  or  Atlantic 
Pacific,  they  will  produce  co|)per  as  cheap  and  probably  cheaper, 
than  any  of  the  otiier  mining  camps. 

A  very  ititeresting  series  of  mining  claims  is  shown  in  Figs.  22 
and  23.  Tliey  are  known  as  the  BUick  Copper  group,  consisting  of 
the  Copper  Queen,  Black  Copper,  Little  Big  Bonanza,  Gray  Copper, 
and  Copi>er  Jack  claims,  all  located  end  to  end.  They  occur  in  a 
belt  of  gneiss  rock,  cut  by  a  dyke  of  diorite,  occasionally  intersected 
by  a  subsequent  intrusion  of  trachyte.  The  gneiss  rock  for  a  width 
of  some  40  feet  is  cut  by  innumerable  small  veins  and  strings  of 
copi>er-ore,  following  generally  the  strike  of  the  gneiss  and  dipping, 
a  little  faster  than  that  rock,  towards  the  diorite  dyke  close  by. 
The  shaft  sunk  in  the  gneiss,  and  shown  in  Fig.  23,  exhibits  the 
system  of  veinlets  very  clearly.  A  large  space  which  has  been 
stripped  on  the  surface  near  to  this  shaft,  shows  the  same  condition 
of  affairs. 

The  ore  in  the  shaft  and  on  the  surface  is  malachite  and  chryso- 
colla.  The  widest  of  the  seams  is  only  two  inches;  and  the  whole 
mass  forms  a  stockicerk  too  poor  to  pay  for  working. 

Down  the  hill  from  this  system  of  veins  or  stockwerk,  and  below 
the  diorite  dyke,  a  vein  of  ore  is  found  lying  almost  horizontally  in 
the  drift. 

The  following  two  analyses  prove  it  to  be  a  typical  chrysocolla : 

I.  II. 

SiOj 37.00  40.27 

CiiO 23.26  27.92 

MgO, 60  .20 

MnO, 1.10  298 

Fe,0„ 4.53  1.92 

AlA 3.93  2.69 

HO  (at  212°), 3.30 

Loss  by  ignition, 21.60  21.53 

As  and  Sb,      ........     trace  trace 

This  bed  of  ore  is  undoubtedly  of  secondary  origin,  and  derived 
from  the  veins  up  the  hill  near  the  diorite.  It  has  been  stripped  in 
a  number  of  places,  and  has  been  found,  by  cuts  sunk  through  it, 
to  have  a  thickness  of  four  feet  of  pure  chrysocolla.  The  occur- 
rence is  remarkable,  as  showing  the  formation  of  a  bed  of  copper- 
ore  in  very  recent  times,  and  in  the  wash.  Some  of  the  ore  from 
one  of  these  blanket  deposits  has  been  hauled  to  the  Old  Dominion 
smelter;  but  its  characteristic  decrepitation  when  heated  has  pre- 
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vented  its  use  in  the  blast-furnace.    The  ore  will  have  to  be  calcined 
and  made  into  adobes  before  it  can  be  thus  treated. 

The  making  of  adobes  from  fine  ore,  by  the  way,  is  generally 
carried  out  in  all  the  copper  districts  described.  The  fine  is  either 
put  simply  through  a  pug-mill,  with  10  per  cent,  of  clay,  or  it  is 
pressed  into  cakes  in  a  regular  brick-machine,  air-dried  and  smelted. 

The  Black  Range  Copper  District. — The  copper  miuesof  the  Black 
Range  are  situated  in  Yavapai  County,  Arizona,  some  60  miles  south 
of  the  Atlantic  Pacific  Railway,  and  20  miles  east  of  Prescott,  the 
capital  of  the  territory.  They  were  discovered  over  ten  years  ago, 
but  remained  unworked  until  the  completion  of  the  Atlantic  Pacific 
Railway.  The  mines,  forty  or  fifty  in  number,  are  located  on  the 
east  flank  of  the  Black  Range,  near  the  Verde  River.  Fig.  24, 
Plate  II.,  showing  a  cross-section  of  the  Black  Range  and  Verde 
Valley,  illustrates  the  geological  occurrence  of  the  ore-bodies. 

Leaving  the  town  of  Prescott  and  the  granitic  rocks  surrounding 
it,  and  travelling  eastward  towards  the  Black  Range,  a  belt  of  slate 
is  crossed,  which  has  some  local  importance  by  reason  of  the  gold 
veins  it  contains.  The  Chino  Valley,  covered  with  a  heavy  deposit 
of  wash,  is  next  reached,  and  no  rock  in  place  is  seen  until  the  west 
flank  of  the  Black  Range  is  approached.  Here  another  belt  of 
slate,  striking  northerly  and  southerly,  is  crossed  ;  and  then  the 
limestone  of  the  Black  Range  proper  is  reached. 

This  is  a  table-mountain,  composed  exclusively  of  limestone,  the 
age  of  which  has  been  determined  as  carboniferous,  by  the  finding  of 
the  characteristic  shell  productus  (so  determined  by  Professor  J.  S. 
Newberry).  The  limestone  range  is  intersected  by  many  dykes  of 
an  eruptive  greenstone  rock,  generally  from  40  to  200  feet  in  width. 
These  dykes  are  found  on  the  very  crest  of  the  mountain. 

Descending  the  eastern  slope  of  the  mountain,  a  belt  of  diorite 
striking  northerly  and  southerly  is  reached  ;  and  it  is  in  this  diorite, 
and  at  its  contact  with  slate,  that  the  principal  mines  of  the  Black 
Range,  namely,  the  Hampton  and  Eureka,  have  been  opened.  The 
slate  stands  almost  vertically,  and  the  diorite  appears  to  have  a 
stratification  parallel  with  it  and  both  abut  uncomformably  against 
the  horizontal  limestone  lying  to  the  west  and  up  the  mountain. 
The  evidences  of  stratification  in  the  diorite  would  naturally  lead  to 
the  supposition  that  it  is  an  altered  rock  and  not  an  eruptive  one. 
And  microscopical  examination  made  at  the  instance  of  the  writer 
by  Dr.  A.  Julien  seems  to  confirm  this  view;  but  Mr.  J.  P.  Iddings, 
of  the  U.  S.  Geological  Survey,  calls  the  rock  an  eruptive  "porphy- 
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rite"  or  diorite  porphyry.  The  thin  rock-sections  examined  under 
the  miorosct"»pe  disclose  tlie  following  state  of  facts  as  per  examina- 
tion of  Dr.  Julien : 

"  The  essential  minerals  of  the  rock  examined  are  plagioclase 
feldspar,  chlorite,  decomposed  hornblende,  quartz,  pyrite  and  ferrite. 
The  plagioclase  occurs  in  the  large  whitish  irregular  grains  visible 
to  the  eye  often  still  retaining  cleavage  and  twin  lamellation,  but 
also  represented  in  a  thin  section  by  patches,  from  which  the  feld- 
spar material  has  mostly  or  entirely  disappeared  and  has  been  re- 
placeil  by  colorless  scales,  apparently  of  a  hydromicaceous  mineral. 
Very  irregular  grains  of  yellowish-white  color,  much  fissured,  repre- 
sented a  late  stage  in  the  alteration  of  hornblende,  that  mineral  being 
pointed  out  by  a  strong  prismatic  cleavage  or  fibration  in  occasional 
grains  and  by  basal  cleavage  lines  whose  angle  (over  90°)  prevents 
the  supposition  of  augite.  Chlorite  of  an  orthorhombic  form  is  very 
abundant  and  seems  to  be  the  chief  alteration-product,  both  of  the 
hornblende  and  of  the  feldspar.  A  few  water-clear  grains  of  quartz, 
irregular  milky- white  rhombs  of  calcite,  dark  grains  of  ferrite  and 
orange-colored  iron  ochre,  perhaps  resulting  from  the  decay  of  pyrite 
grains,  are  the  chief  secondary  products  of  alteration.  The  flattened 
form  of  the  specimen,  the  flaky  structure  and  the  evidence  of  lamina- 
tion shown  by  the  parallel  arrangement  of  the  lenses  of  feldspar  and 
chlorite,  all  seem  to  me  to  point  to  a  true  bedding  structure  as  of  a 
metamorphic  rather  than  of  an  eruptive  rock.  Only  a  few  of  the 
feldspar  grains  consist  of  crystalline  ledges  or  distinct  plates;  most 
of  the  material  is  in  large  irregular  grains;  this  is  a  habit  common 
to  metamorphic  rock." 

The  Hampton  and  Eureka  mines  overlook  the  Verde  valley, 
which  is  a  valley  of  erosion  in  Triassic  red  sandstone.  The  western 
slope  of  the  Verde  valley,  seen  from  the  Eureka  and  Hampton 
mines,  presents  bold  escarpments  of  the  sandstone,  capped  with  lava 
of  variaVjle  thickness.  In  the  distance  are  seen  the  snow-covered 
peaks  of  Mount  Agassiz,  some  13,000  feet  in  height.  Mount  Agassiz 
is  an  extinct  volcano  and  the  source  of  an  enormous  lava-flow,  cover- 
ing the  ground  from  the  Verde  valley  to  the  mountain,  some  40  miles 
distant. 

In  1883,  the  mines  of  the  Black  Range  were  first  opened  on  a 
considerable  scale.  Roads  to  the  Atlantic  Pacific  Railway  and 
Prescott  were  built;  houses  and  smelting  plant  were  erected.  Smelt- 
ing was  begun  with  a  42-inch  furnace  in  August  of  that  year,  and 
continued  without  interruption  until  January,  1885,  excepting  only 
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the  months  of  March  and  April,  1884,  when  the  roads  were  impass- 
able by  reason  of  snow,  and  no  coke  could  be  hauled  from  the  rail- 
way. Since  January,  1885,  the  mines  have  remained  idle,  and  are 
likely  to  remain  so  in  the  future,  unless  the  cost  of  fuel  and  hauling 
are  largely  reduced  by  the  construction  of  a  railway. 

The  largest  mines  and  the  ones  most  largely  developed  are  the 
Hampton  and  the  Eureka.  These  two  mines  lie  end  to  end,  and 
the  Eureka  is  almost  entirely  in  slate  ;  the  Hampton  in  diorite. 
The  two  claims  are  located  on  two  or  more  parallel  veins,  some  600 
feet  in  length  and  from  20  to  50  feet  in  width. 

The  Hampton  claim  has  been  prospected  to  a  depth  of  150  feet 
from  the  surface,  and  at  that  depth  the  ores,  which  on  the  surface 
were  green  carbonates  and  oxides,  have  changed  into  sulphurets. 
Massive  bodies  of  iron  and  copper  pyrites  occur. 

At  the  Eureka,  the  decomposition  has  not  extended  to  the  same 
depth.  An  adit  run  into  the  Eureka  intersects  the  sulphurets  some 
hundreds  of  feet  from  its  mouth. 

Below  the  carbonates  and  oxides  on  this  claim  is  a  zone  of  oxy- 
sulphuretted  ore,  or  what  is  generally  known  as  black  oxide,  such  as 
was  formerly  found  in  the  pyrites  mines  of  the  Alleghenies,  and 
there  largely  worked  until  exhausted.  Indeed,  the  occurrence  of 
ore  in  the  Eureka  and  Hampton  mines  is  very  similar  to  the  pyrites 
deposits  of  the  Alleghenies;  but  the  manner  of  deposition  of  the  ore- 
body  is  ])robably  distinct  from  anything  in  the  East.  The  pyrites 
in  the  East  are  invariably  in  slate  rock,  and  not  far  from  gneiss,  and 
are  true  ore-beds;  that  is,  they  have  been  deposited  simultaneously 
with  the  inclosing  rocks  and  are  an  integral  part  thereof.  The  ore 
of  the  Eureka  and  Hampton  mines,  crossing  as  it  does  from  the  slate 
into  the  diorite,  is  probably  of  a  true  fissure -origin,  and  is  certainly 
of  a  more  modern  geological  age.  The  formation  of  this  vein  must 
have  been  subsequent  to  the  deposition  of  the  Carboniferous  lime- 
stone, and  in  fact  this  is  true  of  all  the  great  copper  mines  described 
above.  The  copper  mines  of  the  Appalachian  range  are  much  older 
and  belong  to  the  Eozoic  or  Taconic  formations. 

In  the  Eureka  and  Hampton  mines  we  encounter  for  the  first  time 
true  yellow  sulphurets,  in  investigating  the  ores  of  the  Southwest; 
and  accomj)anying  these  sulphurets  we  find  a  notable  content  of 
silver,  some  little  gold  and  a  considerable  amount  of  arsenic.  All 
the  ores  heretofore  described  are  extremely  ])ure  and  absolutely  free 
from  both  arsenic  and  antimony;  they  contain  not  even  traces  of  the 
precious  metals.     The  finding  of  the  precious  metals  in  combination 
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with  copper-ores  here,  as  elsewhere  in  the  world,  is  accompanied  by 
the  presence  of  arsenic  and  antimony. 

The  decomposition  of  the  ores  in  the  Eureka  and  Hampton  is 
approximately  parallel  with  the  contour  of  the  surface ;  that  is,  at 
any  given  point  it  extends  down  a  distance  of  about  100  to  150  feet. 
"NVIiere  the  ore  is  found  at  the  contact  of  the  diorite  and  slate,  and 
near  the  surface,  the  walls  are  very  much  decomposed ;  in  fact, 
changed  to  a  large  extent  into  a  ferruginous  clay;  and  it  is  difficult 
at  such  points  to  determine  the  walls,  if  any  are  present.  In  depth 
the  walls  are  very  well  defined,  and  this  is  notably  the  case  with  the 
ore  found  in  the  slate. 

On  the  Eureka  claim  a  cross-cut  has  been  driven  east  some  300 
feet  from  the  westerly  vein.  In  this  cross-cut,  the  slate  is  very 
generally  impregnated  with  an  abundance  of  small  crystals  of  copper 
carnt'ing  iron  pyrites.  Two  distinct  veins  of  ore  have  been  inter- 
sected in  this  cross-cut;  and  the  continuation  of  the  cross-cut  may 
lead  to  the  finding  of  further  veins. 

The  mining  of  the  ore  from  the  Eureka  and  Hampton  mines  in 
1883  has  been  comparatively  cheap,  notwithstanding  the  price  of 
labor,  which  was  $4.00  per  day,  and  the  long  distance  from  the  rail- 
road which  entailed  heavy  expense  on  all  materials  consumed.  A 
great  deal  of  the  ore  was  taken  out  of  an  open  cut  of  the  Eureka  at 
trifling  expense.  The  remainder  has  been  principally  derived  from 
a  great  stope  on  the  Hampton,  some  40  or  50  feet  in  width  and  70 
or  80  feet  in  length.  The  stope  has  been  timbered  with  square  sets 
as  in  the  other  copper  mines.  The  timber  in  this  instance  was  com- 
paratively inexpensive,  as  the  whole  of  the  Black  Range  is  covered 
with  a  heavy  forest  of  pine.  The  cost  of  mining  in  1883  and  1884, 
including  all  the  large  amount  of  development-work  done  on  these 
mines,  has  not  exceeded  $6.00  per  ton. 

There  is  probably  more  ore  actually  blocked  out  in  these  two 
mines  to-day  than  in  any  of  the  others  described  so  far.  Unfor- 
tunately the  ore  so  blocked  out  is  not  an  oxide  but  a  sulphuret, 
which  will  necessitate  expensive  roasting,  and  result  in  the  making 
of  a  large  amount  of  matte,  to  be  put  through  a  second  roasting,  or 
else  shipped  as  such  to  the  East. 

The  Eureka  and  Hampton  mines  are  equipped  with  two  42-inch 
water-jacket  smelters  of  the  usual  build.  Only  one  smelter  has  been 
run  at  a  time,  but  this  smelter  has  done  exceptional  work.  The 
average  rate  of  smelting  for  the  whole  time  of  its  operation  has  been 
fifty  tons  per  day,  and   as   much  as  sixty  tons   per  day  has   been 
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smelted  for  a  short  time.  The  experience  at  the  Old  Dominion 
smelter  and  elsewhere  has  been  that  this  rapid  smelting  is  not 
economical,  too  great  a  waste  of  copper  in  the  slag  resulting,  and 
the  consumption  of  fuel  also  being  increased.  The  analysis  of  the 
slag  from  the  Verde  smelter,  quoted  further  on,  shows  that  this 
criticism  holds  good  for  the  smelting  done  at  these  works.  The 
percentage  of  copper  in  the  slag  is  unnecessarily  great. 

The  cost  of  smelting  in  1883  and  1884  was  about  $12  per  ton, 
with  wages  ruling  at  from  $4  to  $6  a  day  for  smelting  labor,  and 
coke  at  the  smelter  costing  $35  per  ton.  The  average  yield  of  all 
the  ore  smelted  has  been  15  per  cent,  of  copper,  15  ounces  of  silver, 
and  one  one-hundredth  of  an  ounce  of  gold  per  ton. 

Generally  the  smelting  produced  both  matte  and  bullion.  The 
best  bullion  produced  from  the  rich  surface-ores  has  run  as  high  as 
500  ounces  of  silver  per  ton,  and  from  that  down  to  20  ounces  per 
ton,  the  average  being  about  100  ounces.  The  matte  produced 
simultaneously  averaged  about  65  to  70  per  cent,  of  copper,  and 
contained  practically  one-half  as  much  silver  per  ton  as  the  bullion  ; 
that  is,  100  ounce  bullion  would  be  accompanied  by  fifty  ounce 
matte.  There  was  a  marked  increase  or  concentration  of  arsenic  in 
the  bullion,  the  average  being  1  to  2  per  cent,  as  against  0.3  to  0.5 
per  cent,  of  arsenic  in  the  matte.  Gold  was  found  almost  exclusively 
in  the  bullion.  Thus,  a  bullion  of  2.5  ounces  per  ton  was  accom- 
panied by  a  matte  with  .004  ounces  per  ton.  These  data  are  interest- 
ing, as  showing  the  increase  of  the  precious  metals  in  the  black 
copper,  in  the  presence  of  matte,  in  blast-furnace  practice.  In  the 
reverberatory  furnace  practice,  the  increase  is  rather  greater. 

Both  matte  and  bullion  were  shipped  to  the  East  for  refining. 
Silver  was  paid  for  in  excess  of  about  50  ounces  contained  in  matte 
or  bullion. 

The  following  is  an  analysis  of  the  slag  made  in  smelting  at  the 
Verde  mines : 

SiOj, 35.79 

FeO, 37.89 

AIA» 8.29 

CaO 12.98 

MgO, 0.75 

Cu,  as  metal •        .        .        .  0.18 

C"''''n, 2.59 

Undetermined, 1.53 

100.00 
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In  the  regular  coiiree  of  smelting;  an  addition  of  15  per  cent,  of  lime- 
stone became  necessary.  The  limestone  was  mined  at  very  trifling 
expense  from  the  carboniferous  lime  of  the  Black  Range  immediately 
above  the  mines. 

The  consumption  of  fuel  in  smelting  in  the  42-inch  water-jacket 
was  18  per  cent.  In  the  last  month  or  two  of  smelting  at  the  Verde 
smelter,  an  attempt  was  made  to  work  the  sulphurets ;  but  with 
the  prices  then  ruling  for  copper,  to  wit,  12  cents  per  pound,  a 
protit  could  not  be  made.  The  style  of  furnace  was  also  found  to 
be  rather  objectionable  for  this  class  of  work.  By  examining  Fig. 
12  it  will  be  seen  that  the  outside  shell  of  the  water-jacket  is  con- 
tinued down  and  rests  on  the  bed-plate.  This  shell  of  boiler-iron 
is  lined  in  the  crucible  with  fire-brick  and  clay.  Even  in  the  smelt- 
ing practice  at  Globe  and  elsewhere,  it  has  been  found  that  the 
lining  at  these  points  rapidly  cuts  away  by  the  action  of  the  slag, 
and  the  boiler-iron  will  get  red-hot  and  blister  and  buckle.  When 
smelting  matte,  a  furnace  works  so  much  hotter  than  when  produc- 
ing only  black  copper,  that  this  action  is  very  much  intensified.  At 
the  Verde  works  it  became  necessary  to  constantly  apply  water  to 
the  exterior  of  this  boiler-plate,  and  even  then  the  jackets  were  very 
soon  ruined. 

The  modification  of  water-jacket  furnace  described  by  the  writer 
in  a  former  paper  (Trans.,  xiii.,  34),  completely  avoids  all  this  trou- 
ble, and,  for  smelting  ores  that  contain  sulphur,  has  very  decided 
advantages  over  the  present  style  of  water-jacket.  The  water-jackets 
as  now  used  have  also  the  objection  that  the  depth  of  the  crucible 
cannot  be  readily  altered,  while  this  can  be  done  at  a  moment's 
notice  in  the  modification  adopted  by  the  writer. 

The  mines  of  the  Black  Range  at  the  time  of  writing  are  idle, 
and  unless  railways  are  built  to  these  mines  it  is  not  likely  that  they 
will  again  become  copper-producers.  Should  the  market  advance 
to  15  cents  per  pound,  they  can  be  expected  to  furnish  some  4,000,- 
000  pounds  of  rather  impure  copper  per  annum  ;  but  the  present 
outlook  is  not  encouraging  for  such  an  event. 

Small  Copper  Mines  in  the  Southwest. — Scattered  through  Arizona 
there  are  a  number  of  localities  where  copper-ore  has  been  found  in 
considerable  quantity,  but  not  sufficient  to  pay  for  working  in  the 
present  condition  of  affairs.  Amongst  these  noteworthy  places  are 
some  deposits  of  ore  in  slate  about  40  miles  southeast  of  Prescott. 
Some  40  or  50  tons  of  ore  shipped  to  the  East  from  these  mines  have 
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assayed  15  to  20  per  cent.  The  ore-beds  are  evidently  lenticular 
masses  in  slate,  and  true  ore-beds  and  not  veins. 

Another  locality  not  far  from  Prescott  is  known  as  Copper  Basin. 
The  ore  is  a  carbonate  of  copper,  forming  the  matrix  of  a  conglo- 
merate, and  must  be  of  secondary  origin.  Whether  or  not  it  has 
ever  been  traced  to  its  source  the  writer  cannot  say. 

Further  south,  four  or  five  years  ago,  some  considerable  work  was 
done,  and  two  smelters  were  erected  in  the  Santa  Rita  mountains, 
near  Tucson.  The  Omega  mine  at  that  place  is  found  in  a  contact 
between  marble  and  an  eruptive  rock.  There  seems  to  be  a  contact 
extending  some  four  or  five  miles  ;  and  at  intervals  along  this  con- 
tact, sometimes  in  the  eruptive  rock  and  sometimes  in  the  limestone, 
copper-ores  have  been  found.  No  large  masses  of  ore  have  been  dis- 
covered in  any  of  the  claims  opened.  The  ores  in  the  eruptive  rocks 
are  silicious.  That  part  of  the  ore  on  the  Omega  mine  which  was 
found  in  the  limestone  was  basic,  thus  conforming  to  the  general 
rule  obtaining  elsewhere  in  the  Southwest. 

In  a  northern  spur  of  the  Dragoon  mountains,  not  far  from  the 
Southern  Pacific  Railway  in  Southeastern  Arizona,  the  Johnson 
copper  mine  was  formerly  worked.  The  ore  is  said  to  be  a  fissure 
in  limestone,  and  the  fact  that  both  matte  and  bullion  were  shipped 
from  this  point  would  seem  to  indicate  the  presence  of  considerable 
sulphur  in  the  ore. 

In  the  Burro  mountains  of  Southwestern  New  Mexico,  not  far  from 
the  town  of  Silver  City,  some  good  copper  claims  have  been  dis- 
covered and  opened.  Smelting  was  begun  in  a  reverberatory  fur- 
nace, but  the  property  is  now  idle,  and  the  writer  is  not  familiar 
with  the  exact  condition  and  occurrence  of  the  ore  in  these  mines. 
It  is,  however,  reported  to  have  been  quite  lean  and  a  sulj)huret. 

In  New  Mexico,  Texas  and  Northern  Arizona,  the  Permian  sand- 
stones contain  copper-ores  disseminated  through  the  rock  in  small 
masses  and  pellets,  often  replacing  what  formerly  were  twigs  or 
branches  of  trees.  An  unsuccessful  attempt  has  been  made  in  Texas 
to  smelt  this  ore  in  water-jacket  furnaces.  If  this  ore  can  be  smelted 
at  all,  the  smelting  cannot  be  carried  out  in  the  small  water-jackets 
which  have  been  so  successful  in  treating  the  easy-smelting  oxidized 
ores  of  the  mines  above  described.  A  furnace  to  smelt  this  ore 
would  have  to  a{)proach  in  construction  the  Mansfeld  round  furnaces, 
and  would  have  to  be  run  with  hot  blast  and  a  considerable  addition 
of  limestone  flux.  At  present  the  Texas  Company  is  contemplating 
the  erection  of  a  dressing  plant  with  a  view  to  concentrating  its 
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ores.  Some  very  large  claims  are  made  for  the  percentage  of  copper 
in  the  s:\nrlstone  in  Texas.  Whether  or  not  these  are  warranted  by 
the  facts,  the  writer  is  unable  to  say  ;  but  the  general  experience 
with  these  sandstones  all  over  the  world,  both  in  the  Ural  mountains 
in  South  America,  and  at  Mansfeld,  in  Germany,  has  been  contrary 
to  the  finding  of  any  very  considerable  percentage  of  copper.  At 
Mansfeld  the  success  depends  entirely  on  the  fact  that  the  ore  con- 
tains an  appreciable  amount  of  silver,  and  furthermore,  that  the 
rock  is  not  a  sandstone,  but  a  bituminous  shale,  which  will  smelt 
after  being  roasted  without  the  addition  of  any  flux.  Further- 
more, the  highest  labor  paid  in  the  Mansfeld  mines  in  1885,averaged 
only  76  cents  per  day ;  mining  and  smelting  were  carried  on  with 
every  conceivable  labor-saving  appliance  ;  and  the  raining  company 
even  owned  its  own  coal  mine  and  made  its  own  coke,  so  as  to  econ- 
omize in  every  possible  direction.  The  number  of  employees  of 
the  Mansfeld  Company  aggregate  19,000,  and  operations  are  con- 
ducted on  a  stupendous  scale,  which  in  a  large  measure  accounts  for 
the  economy  arrived  at  in  treating  such  ores.  Notwithstanding  all 
these  advantages,  the  Mansfeld  Company  was  compelled  to  suspend 
dividends  last  year,  and  is  petitioning  the  German  Parliament  for  a 
protective  duty  on  copper. 

The  Loicer  California  Copper-District. — We  must  include  amongst 
the  prominent  mines  of  the  Southwest  the  property  recently  purchased 
by  a  French  syndicate  in  Lower  California.  I  am  indebted  to  a 
report  of  Mr.  D.  W.  Brunton  for  a  description  of  these  mines.  The 
location  of  these  mines  is  in  the  municipality  of  Moleje,  in  Lower 
California,  Mexico,  and  across  the  Gulf  of  California,  90  miles  dis- 
tant from  Guaymas. 

Copper  was  first  discovered  in  the  district  in  the  Spring  of  1868 
by  Jose  Rosa  Billaviconico,  a  fruit  packer,  who  was  looking  for  a 
short  trail  from  Santa  Agueda  Ranch  to  Santa  Maria  Port.  The 
mines  were  first  opened  in  1871.  They  cover  a  territory  some  six 
or  seven  miles  in  length  along  the  cost,  and  extending  parallel  there- 
with and  into  the  peninsula,  a  distance  of  three  or  four  miles.  The 
entire  strip  of  country  may  be  considered  an  elevated  plain  rising 
towards  the  interior.  The  plain  is  cut  by  numerous  caiions  and 
ravines,  which  empty  into  the  Gulf  The  ore  occurs  in  three  beds 
with  intervening  rock,  and  the  ore-beds  and  the  whole  country  dip 
at  a  slight  angle  toward  the  shore  of  the  Gulf.  The  two  accom- 
panying sections,  Figs.  25  and  26,  Plate  II.,  speak  for  themselves. 

The  rock  in  which  the  ore  is  found  is  evidently  of  very  recent 
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origin,  and  overlies  an  underlying  bed  of  trachyte  of  unknown  depth. 
While  the  ore-beds  extend  over  a  very  large  territory,  the  valuable 
portions  cover  a  comparatively  limited  area,  and  the  pay-ore  occurs  in 
chutes  or  chimneys  in  the  beds,  having  a  width  of  75  to  150  feet, 
and  a  general  northwest"  and  southeast  course.  The  stratum  carry- 
ing the  ore  is  a  soft  ferruginous  clay,  mixed  in  many  places  with 
oxide  of  manganese,  and  in  others,  intersected  in  every  possible 
direction  by  small  seams  of  gypsum.  The  foot- wall  or  floor  of  the 
different  ore-beds  is  always  a  conglomerate.  The  hanging-wall  or 
roof  is  either  clay  or  soapstone,  or  more  generally  a  mixture  of  both, 
which  readily  crumbles  when  exposed  to  the  air.  The  ores  differ 
very  widely  in  composition  and  appearance ;  in  fact,  a  great  many 
of  the  ores  have  not  the  characteristic  appearance  of  ore  at  all,  but 
look  like  yellow  clay.  True  copper-ores  varying  from  copper  glance 
to  green  and  blue  carbonates,  do,  however,  occur.  Malachite  forms 
the  bulk  of  the  ore  ;  and  Avad  or  cuperiferous  oxide  of  manganese 
occurs  in  the  next  largest  quantity.  All  the  work  done  on  these 
mines  has  been  by  shallow  shafts  or  adits  from  the  surface.  The 
thickness  of  the  ore  beds  varies  considerably,  from  a  mere  seam  to  3 
feet. 

Yaqui  Indians  are  almost  exclusively  employed;  and  until  the 
transfer  of  the  property  recently  to  the  French  syndicate,  all  the  ore 
was  mined,  sorted  up  to  about  20  per  cent.,  and  shipped  to  Europe. 
Since  the  property  changed  hands,  a  42-inch  water-jacket  furnace 
has  been  erected  and  run  on  the  ores  of  the  property ;  and  at  present 
20  miles  of  narrow-gauge  railway,  and  three  large  square  water- 
jacket  furnaces,  of  the  Raschette  type,  and  measuring  42  by  90 
inches  at  the  tuyeres,  are  bein^  erected.  The  cost  of  smelting,  with 
English  coke  laid  down  on  the  shore  of  the  Gulf  at  less  than  one- 
half  of  its  cost  to  any  other  smelting  works  in  the  Southwest,  and 
the  cost  of  mining  labor,  with  miners  at  only  $1  per  day,  being  so 
extremely  low,  a  large  output  can  be  confidently  expected  from  these 
mines  for  some  time.  As  to  the  possibilites  of  the  future,  the  writer 
ventures  no  prediction,  as  he  has  not  been  personally  on  the  ground. 

Ilexican  Mines. — In  the  States  of  Chihuahua  and  Sonora,  copper- 
ores  have  been  found  at  numerous  points ;  but  the  facilities  for 
transportation  are  at  present  so  imperfect,  that  systematic  attempts 
to  work  the  mines  on  any  considerable  scale  have  been  made  in  a 
few  isolated  localities  only. 

The  ores  at  one  of  the  best  developed  mines  are  said  to  occur  in 
seams  between  the  bedding  of  limestone;  and  the  description  would 
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Via.  1— Sketch-Map  of  the  Clifton  Mining  District,  Arizona. 
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leail  one  to  infer  that  a  copper-belt  somewhat  similar  to  that  at 
Bisbee  had  been  found.  No  large  ore-bodies  have,  however,  been 
discovered  so  far.  The  ore  has  been  entirely  confined  to  the  seams 
in  the  lime. 

Resume. — In  reviewing  the  history  and  character  of  the  mines  of 
the  Southwest,  one  is  struck  by  the  fact,  that  the  uniformly  successful 
mines  have  invariably  been  found  in  carboniferous  limestone,  and 
at  or  near  the  contact  with  an  eruptive  rock,  be  it  a  felsite,  diorite, 
or  porphyry. 

As  long  as  the  veins  have  remained  in  the  basic  rock,  or  lime- 
stone, they  have  been  found  profitable.  On  entering  an  acid  rock, 
whether  sandstone  or  porphyry,  the  veins  have  become  both  narrow 
and  lean,  and  have  ceased  to  pay.  It  has,  therefore,  been  truly  said 
of  the  Clifton  district,  where  the  limestones  are  underlaid  with 
sandstone,  that,  if  the  mountains  were  higher,  there  would  be  more 
ore  in  the  district. 

In  the  Bisbee  district,  the  carboniferous  limestone  is  undoubtedly 
present  in  very  great  thickness.  No  sandstone  has  ever  been  discov- 
ered in  any  part  of  the  district,  or  anywhere  near  these  mines;  and 
it  is  more  than  probable  that  for  this  reason  the  mines  of  Bisbee 
will  continue  to  produce  and  be  profitable  for  a  longer  period  of 
time  than  those  of  any  of  the  other  mining  camps.  The  limit  of 
production  has,  I  believe,  been  practically  reached  in  all  the  districts. 
No  increase  in  production  need  be  apprehended  from  any  source  in 
the  Southwest,  until  either  the  cost  of  production  is  very  much 
decreased,  or  the  price  of  the  metal  rises  considerably. 

The  profit  even  now,  with  close  economy,  in  the  producing  prop- 
erties, is  out  of  all  proportion  to  the  risk  of  any  mining  investment; 
and  the  writer  believes  that  the  owners  of  oxidized  copper-ores  in 
the  Southwest,  would  do  a  more  profitable  business  by  allowing 
them  to  remain  in  the  ground  for  a  number  of  years,  than  by  ex- 
tracting them  now  and  selling  the  copper  produced  at  the  present 
prices.  Oxidized  copper-ores,  the  world  over,  have  been  found  in 
limited  quantities  only,  and  the  copper  made  from  the  Southwestern 
ores  has  such  exceptional  qualities,  that  a  curtailment  of  production 
would  probably  in  a  short  time  lead  to  an  increase  in  its  price,  until 
the  price  of  Lake  copper  is  reached. 
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A  SECTIONAL  HANGING-PIPE  HOT-BLAST  OVEN. 

BY  ARTHUR  F.  WENDT,  NEW  YORK   CITY. 

(Bethlehem  Meeting,  May,  1886.) 

The  hot-blast  oven  of  which  the  accompanying  plate  gives  com- 
})lete  details,  was  designed  by  the  writer  for  the  spiegel -furnace  of 
the  Lehigh  Zinc  and  Iron  Co.,  at  Bethlehem,  Pa.  Members  of  the 
Institute  who  visit  these  works  will  have  occasion  to  notice  the  large 
amount  of  zinc-dust  in  the  gases,  and  the  consequent  dirtiness  of 
both  the  hot-blast  and  the  boilers.  The  zinc  collects  in  a  crust  on 
the  iron  hot-blast  pipes  and  leads  to  the  frequent  burning  of  them. 
A  large  vertical  standing-pipe  stove,  a  modification  of  the  "  Pleyer," 
thus  gave  considerable  trouble  by  the  burning  of  pipes  and,  on  one 
occasion,  the  toppling  over  of  a  whole  row. 

These  inconveniences  are  avoided  in  the  hanging-pipe  stove  under 
consideration,  and  less  heating-surface  has  been  found  to  be  required 
to  heat  the  blast  to  a  given  temperature. 

The  construction  of  the  stove  is  so  simple  and  so  plainly  shown 
in  the  plate  that  it  is  needless  to  enlarge  upon  it.  Each  pipe  rests 
in  a  box  and  is  connected  by  U-branches  with  the  next  adjoining 
pipes.  An  iron  sleeve  is  placed  around  the  joint  and  tightened,  as 
usual,  with  iron  filings.  In  case  of  a  pipe  burning  out,  that  par- 
ticular section  is  cut  off  by  the  valves  and  the  sleeves  are  broken. 
The  pipe  is  then  readily  lifted  out  of  the  box  and  a  new  one  is  sub- 
stituted. The  whole  operation  requires  only  a  short  time  and  the 
section  can  then  be  at  once  put  into  use.  The  boxes  supporting  the 
pipes  cover  the  whole  surface  of  the  hot-blast  and  are  closed  by  iron 
covers  rammed  with  fire-clay.  Owing  to  the  air-space  around  the 
U-pipes  there  is  little  loss  of  heat  in  the  upper  part  of  the  stove. 
Each  section  as  built  has  280  square  feet  of  heating-surface. 

The  furnace  is  blown  by  a  horizontal  engine  with  46-inch  stroke 
and  48-inch  diameter  of  blowing-tube.  At  28  to  30  revolutions,  the 
engine  delivers  3000  cubic  feet  of  air  per  minute,  at  a  pressure  of  5 
pounds. 

When  five  sections  of  stove  are  in  use,  the  blast  enters  the  furnace 
at  a  temperature  of  850°  F.  That  is,  there  are  over  two  cubic  feet 
of  air  per  square  foot  of  heating-surface  heated  to  that  temperature 
per  minute. 
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On  a  charge  of  700  pounds  fuel  (^  coke,  J  anthracite)  the  furnace 
carries  1220  pounds  of  burden,  composed  of  800  pounds  of  residuum 
from  the  zinc-works  and  420  pounds  of  limestone. 

During  repaii"s  to  a  set^tion,  all  the  blast  is  passed  through  four 
sections.  The  temperature  then  falls  to  700°  F.,  and,  to  keep  up  the 
percentage  of  manganese  iu  the  spiegeleisen  made,  it  becomes  nec- 
essary to  reduce  the  burden  to  700  pounds  of  residuum  and  320 
pounds  of  limestone. 

This  hot-blast  has  been  in  use  several  years  and  has  done  very 
good  work.  It  could  be  improved  in  some  of  the  details,  notably  in 
the  location  of  the  hot-blast  main.  To  admit  of  ready  removal  of 
the  last  pipe,  this  main  should  be  located  to  one  side  of  it,  and  con- 
nected, similar  to  the  cold-blast  main. 

The  draught  could  also  be  improved  by  taking  off  the  waste  gases 
at  a  point  where  the  end  cleaning-door  is  now  located. 

In  practice,  the  tile  floor  to  divide  the  flame  from  the  jet-burner 
has  been  found  of  no  special  advantage,  and  as  good  results  can  be 
obtained  by  burning  the  gases  in  contact  with  the  pipes. 

There  is  one  feature  of  this  stove  in  which  it  approaches  the  action 
of  a  regenerative  firebrick  hot-blast,  namely,  the  radiation  of  heat 
from  the  9-inch  division  walls,  in  case  of  a  short  failure  of  the  gas- 
supply.  By  reason  of  the  presence  of  these  walls,  the  stove  requires 
a  longer  period  to  carry  it  up  to  its  maximum  temperature,  but,  once 
arrived  there,  it  maintains  that  temperature  with  great  regularity 
under  fluctuations  in  the  gas-supply. 


NOTES  ON  TEE  GEOLOGY  OF  THE,  TILLY  FOSTER  OTiE- 
BODY,  PUTNAM  CO.,  N.  Y. 

BY   FERDINAND   S.    RUTTMANN,   NEW  YORK  CITY. 
(Bethlehem  Meeting,  May,  1886.) 

The  Tilly  Foster  iron-mine  is  situated  in  the  southeastern  part  of 
Putnam  County,  New  York,  about  fifty  miles  north  of  New  York 
City,  on  the  line  of  the  Xew  Y^ork  City  and  Northern  Railroad. 

There  are  a  number  of  deposits  of  magnetite  scattered  throughout 
the  county,  the  most  important  being  those  known  as  the  Tilly  Fos- 
ter, the  Mahopac,  and  the  deposits  of  the  Croton  Magnetic  Ore  Com- 
pany.    (See  the  paper  of  Mr.  Wendt,  Transactions,  xiii.,  478.) 
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These  three  have  the  same  general  characteristics,  varying  slightly 
in  regard  to  dip  and  strike.  The  Tilly  Foster  and  Mahopac  veins 
strike  N.  40°  E.  and  dip  66°  S.  E.  in  the  former  and  about  50°  in  the 
latter  case.  The  deposit  of  the  Croton  Magnetic  Company  stands 
nearly  vertical,  the  strike  being  N.  20°  E.  The  ore  of  the  latter 
deposit  differs  from  the  others,  not  being  up  to  the  standard  of  purity 
required  in  a  Bessemer  ore. 

Geologically,  they  all  belong  to  the  same  horizon  and  were 
deposited  under  the  same  general  conditions. 

Formation  of  the  Deposit. — The  ore-body  at  Tilly  Foster  is  with- 
out doubt  a  bed,  the  ore  having  been  deposited,  whatever  its  original 
state,  simultaneously  with  the  strata  of  gneiss  which  form  a  large 
part  of  the  surface- rock  of  Putnam  County.  The  identity  of  the 
rock  forming  the  foot- wall  with  that  of  the  hanging-wall  would 
support  this  conclusion  were  other  proofs  wanting. 

The  ore-sediment  appears  to  have  been  deposited  during  an  inter- 
val between  the  deposition  of  the  preceding  and  succeeding  layers  of 
rock-sediment  which  now  form  the  enveloping  strata  of  gneiss. 
This  ore-sediment  was  probably  derived  from  preceding  formations 
and  carried  in  mechanical  suspension  by  streams  or  torrents  into  a 
basin  or  depression  of  the  rock-sediment  formed  just  previously,  the 
deposit  of  ore  being  then  covered  by  layer  on  layer  of  rock-sediment 
until,  by  accumulated  pressure  and  heat,  the  rock-sediment  was 
changed  to  gneiss,  and  the  ore,  through  successive  stages,  to  mag- 
netite. 

At  the  extremities  or  edges  of  the  bed  the  hanging-  and  foot-wall 
meet  but  do  not  coalesce,  the  plane  of  contact  being  distinctly 
marked.  The  two  walls  are  separated  by  from  three  to  six  feet  of 
clay  or  schistose  gouge,  which  sometimes  diminishes  to  a  thickness 
of  a  few  inches.  At  the  southwestern  end  of  the  300-foot  level  of 
the  mine  this  gouge  or  parting  was  followed  for  a  distance  of  120 
feet  in  the  vain  hope  of  finding  another  body  lying  between  the  same 
planes  of  contact. 

Though  it  is  probable  that  other  deposits  may  lie  between  these 
planes,  the  direction  and  distance  of  such  bodies  are  both  uncertain. 

The  clay  or  schistose  gouge  extends  completely  around  the  ore, 
separating  the  ore  from  the  rock  on  both  foot-  and  hanging-wall 
sides,  being,  however,  much  thicker  along  the  hanging-wall ;  and 
wherever  the  edge  of  this  deposit  has  been  reached,  the  same  gouge  is 
found,  dividing  one  stratum  of  rock  from  the  one  succeeding.  It  is 
interesting  in  this  connection  to  note  that,  at  the  Mahopac  Mine, 
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the  ore  and  rock  have  been  deposited  in  alternate  layers,  the  other 
characteristics  of  ore  and  rock  being  similar  in  both  deposits. 

In  the  southwestern  end  of  the  Tilly  Foster  ore-body  the  ore  is 
eoarse-graineil  and  coarsely  crystalline,  while  in  the  northeastern 
part  it  is  Hne-grained  and  finely  crystalline.  This  effect  seems  to 
have  been  pro<luced  by  the  means  which  are  employed  in  buddies 
and  separating  tanks.  The  torrent  carrying  the  ore-sediment  in 
suspension  entering  the  basin  at  a  point  now  the  lower  southwest- 
ern portion  of  the  deposit,  the  larger  and  heavier  particles  were 
deposited  first,  while  the  finer  were  carried  along  and  deposited 
where  the  momentum  of  the  current  was  retarded  by  the  widening  of 
the  basin  ;  and  at  the  further  side  of  the  basin  the  ore-sediment  was 
deposited  together  with  a  quantity  of  rock-sediment,  the  characteris- 
tics thus  impressed  upon  the  ore  having  been  preserved  in  each  case 
through  its  subsequent  changes  to  its  final  stage  of  magnetite.  The 
third  case  represents  the  ore  which  came  from  the  north  end  of  the 
open  pit  and  the  110-foot  level,  which,  in  some  places,  seemed  to  be 
granular  choudrodite  with  magnetite  disseminated  through  the  mass. 

Changes  in  the  Position  of  Ore-body  and  Strata. — In  the  upheavals 
and  dislocations  which  were  predominant  features  of  this  geological 
period,  the  strata  of  gneiss  containing  this  bed  of  magnetite  was 
changed  from  a  horizontal  to  a  vertical  position,  and  even  overturned 
beyond  the  vertical.  To  be  accurate,  the  strata  were  upturned 
through  an  angle  of  114°,  so  that  the  ore-body  and  strata  at  present 
dip  66°  to  the  southeast. 

The  accompanying  plate  shows  a  series  of  vertical  cross-sections  of 
the  Tilly  Foster  ore-body,  taken  every  25  feet  throughout  the  entire 
length  of  the  deposit,  the  planes  of  section  being  parallel  to  a  vertical 
plane  passing  through  the  line  of  the  main  shaft.  The  manner  of 
obtaining  these  sections  from  the  surveys  of  the  levels  is  sufficiently 
indicated  in  the  drawings  and  need  not  be  explained.  The  outline 
between  the  different  levels  was  obtained  from  separate  surveys  of 
the  cross-stopes  or  "  rooms."  Those  portions  above  the  surface  and 
below  the  oOO-foot  level  are,  of  course,  approximate  only,  the  surface 
having  been  eroded  and  the  ground  below  the  500-foot  level  not  yet 
developed ;  but  from  the  fact  that,  by  means  of  these  same  sections, 
then  carried  down  to  the  400-foot  level  only,  the  seemingly  outlying 
ore-bo<ly  on  the  500-fbot  level  was  predicted  within  a  few  feet  of  the 
place  it  was  afterward  proved  to  occupy,  we  may  fairly  infer  a 
reasonable  degree  of  certainty  in  the  approximate  outline  below  the 
500-foot  level  as  here  shown. 

VOL.  XV.— 6 
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These  sections,  and  also  the  liorizontal  sections  or  outline-plan  of 
levels,  in  the  same  plate,  show  the  marked  convexity  of  the  hanging- 
wall  and  the  concavity  of  the  foot-wall,  from  which  it  may  be  in- 
ferred that  what  is  now  the  hanging-wall  was,  before  the  upheaval, 
the  bottom  of  the  deposit,  and  the  foot-wall  was  the  upper  surfiice. 
It  is  not  probable  that  this  convexity  was  produced  by  the  flexure  of 
the  stratii  and  the  imbe<ided  ore,  since  the  state  of  semi-solidity 
implied  in  this  hypothesis  would  be  incompatible  with  the  fact  that 
the  ore-body  was  upheaved  entire  and  in  its  presumably  primitive 
form.  Such  evidences  of  heat  as  are  shown  in  the  gneiss  rock  appear 
to  have  been  produced  while  the  strata  were  in  a  horizontal  position, 
and  it  is  much  more  probable  that  the  strata  were  solidified  and 
unyielding  at  the  time  of  upheaval. 

The  Fault. — The  peculiar  shape  of  the  horizontal  cross-sections  of 
the  ore-body,  as  shown  by  the  surveys  of  the  different  levels,  is  due 
to  the  fact  that  the  ore-body,  after  its  upheaval,  was  crossed  diag- 
onally by  a  fissure,  having  a  nearly  due  north  and  south  direction 
and  dipping  to  the  east  (as  the  accompanying  cross-section.  Fig.  1, 
will  show)  about  72°.  In  the  dislocation  which  took  place  along 
the  plane  of  this  fault,  that  portion  of  the  ore-body  and  surrounding 
rock  lying  east  of  the  fault  was  carried,  at  an  angle  of  about  45°  with 
the  plane  of  the  horizon,  in  a  direction  about  20°  east  of  south,  the 
distance  moved  in  this  direction  being  about  130  feet.  The  horizon- 
tal displacement  is  about  90  feet  S.  20°  E.,  and  the  vertical  fall  90 
feet.  Owing  to  the  loss  of  mass  by  friction,  the  varying  dip  of  the 
plane  of  fault,  and  other  difficulties  which  will  be  recognized  by  those 
who  have  visited  this  mine,  it  would  be  claiming  too  much  to  say 
that  these  measurements  are  exact.  They  are,  however,  the  result 
of  examinations  of  every  part  of  the  fault  which  was  exposed  in  the 
workings,  and  may  fairly  be  said  to  represent  the  average  of  the 
whole  fault. 

This  diagonal  direction  of  the  fault  produced  the  apparent  horizon- 
tal motion.  The  direction  of  the  movement  is  plainly  discernible 
in  places  where  the  plane  of  fault  has  been  exposed,  showing  the 
striations  on  the  ore  produced  by  the  sliding  of  the  portion  moved. 
In  some  places  specimens  were  obtained  with  a  surface  polished  like 
glass. 

Tlieory  of  the  Fault. — The  theory  which  most  satisfactorily  ex- 
plains the  present  shape  and  condition  of  the  ore'body  is  shown 
in  the  diagram.  Fig.  3.  The  fissure  B'  C  occurred  anterior  to 
the  fault  which  crosses  the  ore-body,  and  widened  to  the  position 
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BB'  CC ;  the  secondary  fissure  or  break,  A  C,  then  took  place, 
allowing  the  body  of  rock,  ABC,  containing  a  portion  of  the  ore- 
body  [a'),  to  slide  down  along  the  plane  of  fault,  ACC,  to  the  posi- 
tion A'B'C ;  that  portion  of  the  ore-body  {a')  cut  off  from  the  main 
portion  then  being  in  the  position  6.     The  sides  of  this  fissure,  con- 
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Diagram  sliovving  Theory  of  Fault. 

verging  toward  the  north,  forced  the  body  A  B  C  to  take  a  diagonal 
instead  of  vertical  direction  in  its  course. 

This  section  is  taken  at  right  angles  to  the  strike  of  fault,  but 
serves  to  explain  the  appearance  of  sections  8  to  15  on  Plate  I. 
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The  chanrre  in  position  of  tliat  portion  of  the  ore-body  east  of  the 
fault  may  be  seen  at  tlie  nortlieast  end  of  the  open  pit,  where  the 
apex  or  upper  eilge  of  the  ore-body  is  exposed,  being  about  50  feet 
below  the  surface.  This  apex  has  disappeared  from  the  western  por- 
tion by  reason  of  the  erosion  which  took  place  after  the  fault. 

That  portion  of  the  ore-body  east  of  the  fault  is  checked  and 
seamed  by  small  fissures,  having  no  regular  direction,  but  seemingly 
produced  by  a  shock  which  shattered  the  whole  mass.  In  the  body 
west  of  the  fault  the  ore  is  seamed  or  crossed  by  fissures;  but  these 
fissures  are  larger  and  are  generally  in  vertical  planes  running  north- 
west or  southeast,  varying  to  horizontal.  The  earthquake  which 
caused  the  fissure  B'C  was  probably  the  cause  of  these  larger  cross- 
seams;  but  the  shattered  condition  of  the  eastern  ore-body  was  pro- 
duced by  the  shock  which  was  the  result  of  the  arrest  of  motion 
caused  by  the  dislocated  portion,  ABC,  coming  in  contact  with  the 
face  of  solid  rock,  B  C.  These  seams  were  afterward  filhd  with 
deposits  of  serpentine,  talc,  magnesite,  and  other  greasy  minerals, 
making  the  mining  operations  sometimes  exceedingly  hazardous. 

The  different  levels  of  the  mine  are  from  85  to  100  feet  apart,  ver- 
tically. This  being  very  nearly  the  amount  of  fault,  by  reversing 
the  direction  of  motion  and  carrying  the  faulted  section  back  to  the 
level  above,  we  may  produce,  as  in  Fig.  2,  an  approximate  idea 
of  the  appearance  of  the  horizontal  cross-sections  before  being  faulted. 

The  Mine-workings. — Figs.  4,  5  and  6  are  maps  of  the  300-,  400-, 
and  500-foot  levels  of  the  mine,  showing  the  ore-pillars,  horse,  and 
walls.  D,  D,  are  diamond-drill  holes,  bored  horizontally  for  explor- 
ation. The  presence  of  the  clay  gouge  is  indicated  by  a  heavy  line 
bounding  the  ore  ;  and  a  similar  line  in  Figs.  4  and  5  indicates  the 
fault.  Mr.  Wendt's  paper,  to  which  reference  has  been  made  above, 
describes  the  manner  in  which  the  extraction  of  the  ore  in  the  pillars 
is  to  be  effected. 

The  Modd  of  the  Ore-body. — The  model  of  the  ore-body  illustrated 
in  Fig.  7  was  constructed  by  means  of  the  sections  shown  on  the 
plate.  Thin  pieces  of  wood  one-quarter  of  an  inch  thick  were  taken, 
representing  25  feet  (in  a  scale  of  100  feet  to  the  inch),  the  distance 
of  the  sections  apart.  A  section,  say  No.  4,  was  drawn  on  one  side 
and  the  next  section  on  the  other,  care  being  taken  to  preserve  their 
relation  to  coordinate  axes ;  the  outer  parts  were  then  cut  away.  All 
the  sections  having  been  made,  they  were  glued  together  in  their 
respective  positions,  smoothed  off,  painted,  and  mounted  on  a  stand 
at  the  proper  angle.     The  portion  cut  off  by  the  fault  is  detachable, 
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idrao 
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and  may  be  moved  back  to  the  probable  position  before  faulting, 
which  gives  the  original  shape  of  the  body  as  perfectly  as  it  can  be 


obtained  in  this  somewhat  rough  manner.  This  model  is  much 
more  perfect  and  complete  than  the  one  which  was  made  under  my 
supervision  several  years  ago;  since,  in  this  one,  the  outline  of  the 
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ore-body  lias  been  cliangetl  in  conformity  with  several  facts  which 
were  discovered  after  the  Hrst  one  was  made.  IMoreover,  the  manner 
of  making  this  one  (in  vertical  sections)  tends  to  produce  a  more 
accurate  image  than  the  method  by  which  the  first  was  made  (in  hori- 
zontal sections). 

The  Ore  and  Minerals. — This  paper  would  be  incomplete  without 
some  mention  of  the  character  of  the  ore  and  the  numerous  and  fine 
specimens  of  different  minerals  which  are  found  in  and  around  this 
mine. 

The  ore  is  a  crystalline  magnetite,  varying  in  physical  appearance, 
as  has  already  been  noted.     Tiie  average  percentage  of  pure  iron  is 

Fig.  7. 


Model  of  tlie  Tilly  Foster  Ore-Body. 

50,  though  pieces  are  obtained  which  are  nearly  pure  magnetite, 
running  as  high  as  67  to  70  per  cent,  of  iron.  The  gangue  is  gen- 
erally chondrodite  or  serpentine,  or  both.  The  percentage  of  sulphur 
or  phosphorus  is  small,  the  sulphur  generally  occurring  in  isolated 
masses  in  the  form  of  pyrites  or  pyrrhotite,  and  easily  separated  from 
the  ore.  Ma.sses  of  this  character  are  frequently  obtained  weighing 
one  or  two  hundred  pounds. 

Among  the  minerals  obtained  from  the  mine  are  brucite,  calcite, 
dog-tooth  spar  (2  inches  in  length),  chondrodite  (ruby-colored 
crystals),  dolomite,  enstatite,  epidote,  fluorite,  magnesite,  magnetite 
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(crystals),  raarcasite,  molybdenite,  muscovite,  chlorite,  pyrite,  pyro- 
xene, pyrrhotite,  serpentine,  talc,  and  green  garnet. 

Conclusion. — The  fissure  which  I  have  called  "primary"  in  the 
diagram.  Fig.  3,  has  never  been  located  with  certainty,  though  I 
think  I  have  fixed  its  position  with  sufficient  exactitude  to  war- 
rant the  theory  advanced  in  this  article.  There  is  a  fissure  or  fault, 
lying  east  of  the  fault  which  crosses  the  ore-body,  and  it  is  my 
opinion  that,  if  correct  prospecting  were  undertaken  with  due  regard 
to  the  distance  to  which  the  fault  has  thrown  the  eastern  half  of  the 
ore-body,  some  developments  would  be  made  which  would  explain 
the  presence  of  the  isolated  ore-body  on  the  400-foot  level  near  the 
foot  of  the  Durant  shaft.  In  conclusion,  I  would  acknowledge  the 
use  of  the  completed  survey  of  the  500-foot  level  made  by  Mr.  Louis 
G.  Engel,  E.M.,  the  developments  having  not  yet  outlined  this  level 
at  the  time  my  connection  with  the  company  ceased. 


SPECIFIC  QBAVITY  OF  LOW-CARBON  STEEL. 

BY  F.   LYNWOOD  GARRISON,   F.G.S. 

(Bethlehem  Meeting,  May,  1886.) 

As  the  specific  gravity  of  low-carbon  steel  seems  to  be  attracting 
considerable  attention  as  a  means  of  determining  the  quality  and 
value  of  the  metal,  I  give  here  a  few  of  the  results  of  a  long  series 
of  experiments  recently  made  by  me.  The  object  of  the  experiments 
not  requiring  more  than  approximate  correctness  in  the  third  place 
of  decimals,  the  extreme  precautions  to  obtain  accuracy  which  are 
sometimes  used  in  determining  specific  gravity  were  not  observed. 
But  each  piece  of  metal  was  carefully  cleaned  to  remove  scale,  rust, 
dirt,  etc.,  thoroughly  dried,  and  then  weighed  in  air,  all  weighings 
being  carefully  repeated.  The  balance  used  was  one  of  Troemner's 
finest,  and  sensitive  to  one-tenth  of  a  milligram.  Before  weighing 
in  distilled  water,  care  was  taken  to  remove,  as  far  as  possible,  the 
air  enclosed  in  the  pores  of  the  metal. 

The  pieces  of  metal  were  suspended  by  means  of  fine  silk  thread, 
a  correction  of  course  being  made  for  the  weight  of  the  silk.  Care 
was  taken  that  the  water  in  which  they  were  weighed  should  be 
always  at  the  same  level,  and,  as  far  as  possible,  at  the  same  tem- 
perature. 


SPECIFIC   GRAVITY    OF   LOU'-CARBON   STEEL. 


91 


The  determinations  were  made  upon  the  following  samples : 

1.  Clapp-GritViths  steel  bolt,  3  inches  long  and  ^  inch  diameter, 
containing  0.08  carbon  and  0.3G  phosphorus. 

2.  Clapp-Gritiiths  steel  bolt,  5  inches  long  and  J  inch  diameter, 
containing  0.08  carbon  and  0.50  phosphorus. 

3.  Bessemer  steel  bolt,  3  inches  long  and  ^  inch  diameter,  contain- 
ing 0.08  carbon. 

4.  Bessemer  screw,  containing  0.10  carbon. 

5.  Bessemer  screw,  containing  0.10  carbon. 

6.  Wrought-iron  bolt,  6  inches  long  and  h  inch  diameter. 

7.  Wrought-iron  bolt,  5  inches  long  and  f  inch  diameter. 

Xo.  1  was  divided  into  three  parts,  head,  shaft,  and  nut.  No.  2 
was  similarly  divided,  but  the  shaft  was  further  divided  transversely 
into  five  sections,  each  an  inch  long.  No.  3  was  divided  like  No.  1. 
Nos.  4  and  5  were  each  divided  into  head  and  one-inch  sections  of 
shaft.  No.  6  similarly  furnished  head,  six  sections,  and  nut.  No. 
7,  head,  five  sections,  and  nut.  The  specific  gravity  of  each  of  these 
parts  was  determined  separately,  with  the  following  results: 


Xo. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Head 

7.822 
7.849 

7.886 
7.800 
7.799 
7.834 
7.834 
7.836 

7.800 
7.853 

7.796 
7.785 
7.859 

7.759 

7.758 
7.813 
7.832 

7.705 
7.669 
7.676 
7.662 
7.667 
7.622 
7.625 

7.638 
7.568 
7.556 
7.575 
7.577 
7.569 

2d  section 

3d  section 

4th  section 

oth  section 

6th  section.....* 

Average  of  head  and  shaft.. 
Nut 

7.8350 
7.670 

7.8315 
7.600 

7.8269 

7.8133 

7.7905 

7.6609 

7.584 

7.5805 
7.640 

The  nuts  were  excluded  from  the  above  averages  as  probably 
manufactured  from  different  pieces  of  metal. 

It  seems  from  the  above  that  the  density  of  the  metal  is  consider- 
ably affected  by  shop-manipulations,  for,  as  will  be  noticed  in  the 
case  of  the  large  Clapp-Griffiths  steel  bolt  and  the  Bessemer  steel 
screws,  the  specific  gravity  is  greater  at  the  heads  and  at  those  parts 
on  which  the  threads  are  cut.  This  sudden  alteration  in  density  can 
hardly  l)e  accidental,  and  must  be  caused  by  the  pressure  exerted  in 
cutting  the  threads  and  forming  the  heads  pushing  the  metal  fibres 
closer  together  and  thus  decreasing  the  size  and  number  of  air  cavities 
between  them. 
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But  SO  far  as  the  screw-threads  are  concerned,  the  contrary  seems 
to  be  the  case  with  the  wrought-iron  bolts ;  for,  it  will  be  noticed, 
their  density  gradually  decreases  frooa  the  head  down.  And  in  this 
respect  No.  3  also  is  anomalous.  It  will  be  noticed,  moreover,  that 
my  results  are  considerably  below  the  figure  of  7.854,  adopted  by 
Mr.  Miller  in  his  paper  on  this  subject  {Transactions,  vol.  xiv.,  p. 
583),  for  boiler-plate  steel  containing  0.14  carbon. 


A  SECTIONAL  SLAG-  AND  MATTE-POT. 

BY  RICHARD  H.    TERHUNE,    SALT  LAKE  CITY. 
(Bethlehem  Meeting,  May,  1886.) 

Slag  and  matte,  in  lead  and  copper  smelting,  are,  for  convenience 
of  removal,  tapped  into  pots  of  small  capacity,  usually  of  paraboloid 
form,  of  cast-iron,  weighing  275  to  300  pounds,  and  holding  the 
same  weight  of  slag. 

As  in  many  smelting  districts  one  ton  of  ore  makes  a  ton  and  a 
quarter  of  slag,  a  large  number  of  pots  is  needed  to  equip  an  ordinary 
plant. 

Fig.  1.  Fig.  2. 


Section.  Plan. 

Sudden  and  frequent  expansion  of  the  solid  bowl  causes  the  pots 
to  crack  at  the  bottom  in  a  few  months,  and  the  matte,  a  very  fluid 
sulphide,  enters  these  rough  fi.ssures  and  speedily  corrodes  its  way 
through  the  ves.sel.     1  find,  from  one  year  of  practice  with  a  slag- 
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jx)t  having  a  movable  bottom,  that  this  cracking  tendency  is  entirely 
overcome  by  such  a  device. 

The  \K>t  invented  and  patented  by  me  for  this  purpose,  is  cast 
with  a  six-inch  hole  coretl  in  the  bottom.  This  results  in  a 
stronger  casting  than  a  solid  one  of  the  same  form.  Into  this  hole 
is  inserted  a  flanged  bottom,  as  shown  in  plan  and  section  in  the 
accompanying  figures. 

I  find  that  four  rivets,  countersunk  inside,  make  a  tight  and  per- 
manent joint,  although  my  patent  claims  every  possible  mode  of 
securing  the  bottom,  as  well  as  all  forms  and  sizes  of  the  same.  The 
castings  are  made  rough,  and  cost  less  for  founder's  charges,  because 
they  are  lighter,  than  the  solid  bowl. 


A  BAP  ID  METHOD  FOR  THE  DETERMINATION  OF 
PHOSPHORUS. 

BY  F.    A.    EMMERTON,   JOLIET,   ILL. 
(Bethlehem  Meeting,  May,  1886.) 

I  HAVE  used  for  about  two  years,  in  the  laboratory  of  the  Joliet 
Steel  Company,  a  rapid  method  for  the  determination  of  phosphorus 
in  iron,  steel,  and  ores,  which  possesses  one  or  two  features  suffi- 
ciently novel  to  warrant  description. 

In  general,  it  is  the  method  described  by  Mr.  Benjamin  B.  Wright 
(Transactions,  vol.  x.,  p.  197),  involving  the  precipitation  of  the 
phosphorus  by  means  of  molybdate  solution,  and  its  estimation  in 
the  yellow  precipitate  by  reduction  of  the  molybdic  acid,  and  titra- 
tion of  the  resulting  oxide  with  a  standardized  permanganate  solu- 
tion, according  to  the  principles  laid  down  by  Werncke  (Fres.  Zeit., 
vol.  xiv.,  p.  1). 

In  the  use  of  this  method,  I  had  difficulty  at  first  in  obtaining  a 
yellow  precipitate  of  reasonably  uniform  composition.  It  is  a 
well-known  fact  that,  to  secure  this  result,  the  conditions  of  precipi- 
tation must  not  vary.  The  principal  condition  is  temperature;  and 
acidity,  concentration,  proportion  of  nitrates  and  chlorides,  and  time, 
are  important  elements.  I  am  aware  that  uniformity  in  these  con- 
ditions has  been  obtained  to  a  reasonable  extent  by  many  chemists, 
so  that  they  are  enabled  to  use  with  success,  methods  based  on  the 
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composition  of  the  yellow  precipitate.  But  my  efforts  in  this  direc- 
tion never  succeeded  until  I  adopted  a  method  of  precipitation 
which  is  the  essential  feature  of  the  process  described  below. 

I  carry  out  the  method  from  the  beginning  as  follows  :  In  the 
case  of  steel,  dissolve  5  gm.  in  a  6-inch  dish,  in  75  c.  c.  HNO3,  of 
1.20  specific  gravity.  Support  a  6-inch  watch-glass  over  the  dish, 
so  that  the  edge  of  the  glass  is  about  ^  inch  above  the  rim  of  the 
dish.  Boil  down  rapidly  on  an  iron  plate,  and  heat  thirty  minutes 
on  the  hot  plate  after  the  residue  looks  dry.  At  the  end  of  this 
time,  the  smell  of  acid  should  have  disappeared.  Let  the  dish 
cool ;  add  40  c.  c.  strong  HCl ;  put  the  cover  down  tight  on  the 
dish  and  heat  at  a  gentle  temperature  for  a  few  minutes,  till  the 
oxide  of  iron  spattered  on  the  cover  is  softened ;  then  boil  down  till 
all  but  15  c.  c.  of  the  acid  is  gone.  The  latter  part  of  the  process 
requires  close  attention,  as  it  is  necessary  that  at  its  completion  the 
solution  should  be  very  concentrated,  and  yet  that  there  should  be 
very  little  chloride  dried  upon  the  sides  of  the  dish.  Let  the  dish 
cool  a  little;  lift  up  the  large  watch-glass,  and  rinse  off  the  lower 
side  of  it  with  40  c.  c.  strong  HNO3,  which  is  allowed  to  flow  into 
the  dish.  Then  cover  the  solution  with  an  inverted  watch-glass  1 
inch  smaller  in  diameter  than  the  dish,  so  that  in  the  subsequent 
boiling  down  of  the  solution,  the  liquid  condensing  on  the  inner 
side  of  the  watch-glass  will  run  back  to  the  sides  of  the  dish,  in- 
stead of  to  the  middle,  and  will  thus  aid  in  preventing  the  forma- 
tion of  a  crust  about  the  edge  of  the  liquid.  Place  the  dish  thus 
covered  on  a  hot  plate,  and  boil  the  solution  down  to  about  15  c.  c. 
in  bulk.  Take  the  dish  from  the  plate,  and  move  it  about  so  as  to 
moisten  with  the  solution  what  crust  may  have  formed.  In  this 
way,  with  a  little  skill,  a  perfectly  clear  and  highly  concentrated 
solution  may  be  obtained,  from  which,  practically,  all  the  HCl  has 
been  expelled. 

Dilute  this  solution,  when  somewhat  cooled,  to  about  40  c.  c. 
with  water,  and  wash  into  a  400  c.  c.  flask,  bringing  the  solution 
to  about  75  c.  c.  Add  strong  ammonia,  shaking  after  each  addition, 
to  make  a  thorough  mixture  of  the  ammonia  with  the  precipitated 
ferric  hydrate.  Continue  adding  ammonia  till  the  mass  sets  to  a 
stiff  jelly ;  then  add  a  few  c.  c.  more;  shake  well ;  and  be  satisfied 
that  there  is  a  strong  smell  of  ammonia  in  excess.  Then  add  strong 
HNO3  gradually,  shaking  well  after  each  addition,  until  the  liquid 
begins  to  get  thinner.  After  the  precipitate  has  all  dissolved,  and 
the  solution  shows  a  very  dark  color,  add   a   little   more   HNO3, 
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enough  to  bring  the  solution  to  a  clear  amber  color.  At  this  stage 
the  solution  will  be  150  to  300  c.  c,  generally  about  250  e.  c.  in 
bulk.  Put  a  thermometer  into  the  liquid,  and  observe  its  tempera- 
ture: if  below  85°  C.  heat  carefully  over  a  lamp-flame  till  it  is 
raised  to  this  temperature;  if  above  85°  C,  cool  to  that  tempera- 
ture by  immersion  of  the  flask  in  water.  When  at  85°,  add  at 
once  40  c.  c.  of  molybdate  solution.*  Close  the  flask  with  a  rub- 
ber stopper;  wrap  it  in  a  thick  cloth,  and  shake  up  and  down 
violently  for  five  minutes.  At  the  end  of  this  time  the  precipitate 
will  be  all  down. 

Collect  the  jirecipitate  on  a  filter,  using  the  filter-pump,  and  wash 
thoroughly  with  HXO3,  diluted  with  fifty  times  its  bulk  of  water. 
No  diflicnlty  is  experienced  in  getting  practically  all  of  the  precipi- 
tate from  the  flask  to  the  filter.  If  a  thin  film  of  the  precipitate 
should  adhere  to  the  walls  of  the  flask,  it  may  be  removed  by  a 
portion  of  the  ammonia  used  in  dissolving  the  yellow  precipitate 
previous  to  the  reduction  with  zinc  and  sulphuric  acid. 

Have  ready  a  500  c.  c.  flask  in  which  have  been  put  10  gm.  gran- 
ulated zinc  roughly  weighed  out.  Put  the  moist  filter  with  precipi- 
tate on  a  funnel  in  the  neck  of  this  flask ;  punch  a  hole  in  the  point 
of  the  filter,  and  wash  the  precipitate  into  the  flask  with  ammonia, 
1  in  4.  This  can  be  done  thoroughly  without  using  more  than  30 
c.  0.  ammonia.  Then  pour  into  the  flask  80  c.  c.  hot  dilute  sul- 
phuric acid,  1  in  4,  and  cover  the  neck  with  a  small  funnel.  Heat 
quickly  on  an  iron  plate  till  rapid  solution  of  the  zinc  begins,  and 
thon  heat  gently  for  ten  minutes.  At  the  end  of  this  time,  the  re- 
duction is  comj>lete.  To  separate  the  liquid  from  the  undissolved 
zinc,  pour  it  through  a  large  folded  filter;  rinse  the  flask  with  cold 
water,  and,  after  these  washings  have  run  through,  fill  up  the  filter 
once  with  cold  water.  The  filtration  on  a  large  folded  filter  exposes 
the  liquid  but  a  very  short  time  to  the  air.  The  zinc  is  decanted 
into  the  filter  with  the  liquid,  on  which  it  continues  to  act  till  the 
latter  has  drained  through. 

The  filtrate,  amounting  to  400-500  c.  c,  is  then  ready  for  titra- 
tion with  permanganate,  which  is  run  in  till  the  liquid  is  colorless. 
During  the  reduction  of  the  M0O3  the  liquid  takes  on  successively 
the  colors,  pink,  plum,  pale  olive-green,  and  dark  olive-green,  the 
darkness  of  the  final  color  depending  on  the  amount  of  M0O3  re- 

*  The  raoljrlidate  solution  used  is  made  by  dissolving  100  gnis.  molybdic  acid  in 
a  mixture  of  300  c.  c.  strong  ammonia  and  100  c.  c.  water,  and  pouring  this  solution 
into  12o0  c.  c.  HNOj,  of  1.20  specific  gravity. 
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duced.  The  moment  the  reduced  liquid  is  exposed  to  the  air  on  the 
filter,  it  loses  its  green,  and  takes  on  a  port-wine  color,  but  this 
change  does  not  seem  to  be  due  to  an  appreciable  amount  of  oxida- 
tion, the  oxidation  of  the  reduced  liquid  taking  place  slowly,  as  was 
shown  by  Werncke. 

In  titrating  the  wine-color  becomes  fainter,  and  finally  disappears, 
leaving  a  perfectly  clear  liquid,  in  which  one  drop  of  permanganate 
produces  a  plain  pink  color. 

I  use  a  permanganate  solution  of  which  1  c.  c.  =  .006141  iron; 
.9076  times  this  value  gives  its  strength  in  terms  of  molybdic  acid 
=  .005574;  and  1.794  per  cent,  of  this  is  its  value  in  phosphorus 
=  .0001. 

I  have  made  the  following  experiments  on  the  accuracy  of  the 
method,  with  respect  to  the  completeness  of  the  precipitation  of  the 
phosphorus  ;  the  relative  proportion  of  phosphorus  and  molybdic 
acid  in  the  precipitate  obtained  in  this  way;  the  limit  of  tempera- 
ture between  which  a  uniform  precipitate  may  be  obtained  ;  the  time 
required  for  the  complete  reduction  of  the  M0O3  by  zinc  ;  and  the 
comparative  results  obtained  by  this  and  the  magnesia  method. 

Numerous  tests  of  the  completeness  of  the  precipitatiT)n  in  five 
minutes,  were  made  by  setting  aside  filtrates  from  the  yellow  pre- 
cipitate overnight,  after  adding  more  molybdate  solution;  and  I 
have  never  found  a  trace  of  precipitate  in  the  solutions  thus  tested. 
I  have  made  two  careful  determinations  of  the  phosphorus  in  large 
quantities  of  the  yellow  precipitate  obtained  in  this  way  in  the 
course  of  analysis  (dried  and  weighed  in  these  cases),  and  have  found 
1.54  per  cent,  in  both  instances. 

Eight  determinations  of  the  molybdic  acid  in  large  lots  of  the 
same  precipitate,  gave  an  average  of  85.77  per  cent.  The  precipi- 
tate, therefore,  according  to  these  figures,  contains  1.796  percent, 
of  phosphorus,  reckoned  on  the  molybdic  acid  present.  This  value 
agrees  almost  perfectly  with  that  lately  obtained  by  R.  Finkener 
(Ber.  d.  Deutsch.  Chem.  GeselL,  xi.,  1638),  Henry  Pemberton,  Jr. 
{Chem.  Neics,  xlvi.,  4),  and  Von  der  Pfordten  (Fres.  Zeit.,  xxiii.-422), 
all  of  whom  found  a  constant  ratio  of  24M0O3  to  iP^Oj,  whatever 
variation  there  might  be  in  water  and  ammonia. 

Mr.  Wright's  precipitate  contains  1.54  per  cent,  of  phosphorus 
reckoned  in  the  molybdic  acid.  The  difference  between  his  precipi- 
tate and  mine  must  be  due  to  the  different  modes  of  precipitation, 
his  being  carried  out  in  a  solution  acid  with  hydrochloric  acid,  and 
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mine  in  a  solution  containing  a  minimum  amount  of  chlorides,  and 
acid  with  nitric  acid. 

As  to  the  limits  of  temperature  between  which  a  precipitate  of  a 
uniform  or  nearly  uniform  composition  may  be  obtained,  I  made 
the  following  experiments  : 

I  prepared  a  sodic  phosphate  solution  containing  about  1.5  gm. 
of  the  salt  in  500  c.  c.  For  each  experiment  I  took  25  c.  e.  of  the 
above  solution,  put  this  in  a  400  c.  c.  flask,  and  added  100  c.  c.  of 
a  GO  per  cent,  ammonic  nitrate  solution,  10  c.  c.  strong  nitric  acid, 
and  50  c.  c.  water.  To  this,  when  heated  to  the  desired  tempera- 
ture, I  added  40  c.  c.  molybdic  solution,  as  rapidly  as  possible,  and 
then  observed  the  resulting  temperature;  then  shook  just  five  min- 
utes, filtered,  and  reduced  with  zinc  and  sulphuric  acid. 

Below  is  a  statement  of  the  results  : 


remperature 
efore  adding 
molybdate. 

Temperature 
after  adding 
molybdate. 

Permanganate, 
c.  c. 

Zinc, 
gm. 

Correction 

for  zinc. 

c.  c. 

Corrected 
permang. 
reading. 

95°  C. 

83°  C. 

76.35 

6 

.25 

76.10 

95°  C. 

82°  C. 

75.35 

6 

.25 

75.10 

90°  C. 

78°  C. 

72.70 

6 

.25 

72.45 

85°  C. 

74°  C. 

72.60 

6 

.25 

72.40 

80°  C. 

70°  C. 

72.05 

6 

.25 

71.80 

75°  C. 

65°  C. 

72.15 

6 

.25 

71.90 

70°  C. 

60°  C. 

70.90 

6 

.25 

70.65 

It  is  seen  from  the  above  results,  that  when  the  resulting  tem- 
perature of  the  liquid,  after  addition  of  the  molybdate  solution,  is 
between  78°  and  65°  inclusive,  the  quantity  of  permanganate  used 
(which  is  a  measure  of  the  molybdic  acid)  varies  in  the  extremes  in 
the  proportion  of  71.80  to  72.45,  and  that  when  the  resulting  tem- 
perature is  as  high  as  82°-83°,  the  amount  of  molybdic  acid  with 
the  precipitate  rapidly  increases,  while  below  65°  it  decreases. 

Within  the  limit  of  78°-65°,  then,  there  may  be  an  extreme 
error  of  .90  per  cent,  on  the  total  amount  of  M0O3  (or  P)  deter- 
mined. In  practice  no  such  error  need  be  encountered,  as  the  pre- 
cipitation may  always  be  accomplished  at  the  same  temperature 
(e.  g.,  85°)  for  the  liquid  before  the  addition  of  the  molybdate 
solution. 

Sources  of  slight  uncertainty  as  to  the  resulting  temperature  of 
the  liquid  after  the  addition  of  the  molybdate  solution,  are  the 
volume  of  the  solution  before  this  addition,  and  the  temperature  of 
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the  molybdate  solution.  The  latter  condition  can  only  vary  slightly, 
and  its  effect  is  quite  insignificant.  The  former  condition  may  vary 
between  150  c.  c.  and  300  c.  c. ;  and 

300  c.  c.  at  85°  +  40  c.  c.  at  20°  =  77° 
150  c.  c.  at  85°  +  40  c.  c.  at  20°  =  71° 

From  which  it  appears  that,  even  in  extreme  cases  of  concentra- 
tion or  dilution,  the  resulting  temperature  after  the  addition  of  the 
molybdate  solution  need  not  vary  more  than  6°.  This  is  only  half 
the  variation  of  temperature  in  which  an  error  of  .90  per  cent,  of 
the  whole  is  made  ;  consequently  we  may  conclude  that  with  ordi- 
nary care  as  to  bulk  of  solution  and  measurement  of  temperature, 
we  need  not  expect  an  error  of  more  than  .45  per  cent,  of  the  whole, 
due  to  variations  of  temperature  in  precipitating.  The  above  pro- 
portion is  an  insignificant  amount  in  an  ordinary  phosphorus  deter- 
mination, amounting  to  only  .001  per  cent,  on  a  result  of  .222  per 
cent. 

It  is  not  difficult  to  obtain  zinc  so  pure  that  the  amount  dissolved 
in  the  reduction  will  not  cause  an  error  of  more  than  .0003  per 
cent,  in  the  result,  which  may  be  neglected. 

The  reduction  of  the  molybdic  acid  and  the  subsequent  titration 
offer  no  difficulties. 

Molybdic  acid  reduced  with  zinc  and  sulphuric  acid  is,  according 
to  Werncke,  not  brought  quite  to  MojOg,  but  only  to  MoijOjg.  He 
asserts  that  reduction  to  this  stage  of  oxidation  is  perfectly  definite 
and  reliable. 

Von  der  Pfordten  {Fres.  Zeit,  xxiii.-413)  has  shown  that  by 
reduction  with  zinc  and  strong  HCl,  M0O3  may  be  reduced  to 
M05O7,  which  rapidly  oxidizes  in  contact  with  the  air  to  M02O3. 
He  titrates  the  M02O3  in  the  hydrochloric  solution,  after  addition 
of  manganous  sulphate.  His  method  of  reduction  does  not  seem 
to  lead  to  any  more  definite  results  than  Werncke's.  I  have  made 
experiments  proving  that  the  reduction  is  complete  five  minutes 
after  the  action  on  the  zinc  becomes  violent. 

The  following  experiments  show  that  the  continued  action  of  the 
zinc  after  fifteen  minutes  has  no  further  reducing  effect.  About  2 
gms.  of  yellow  precipitate  were  dissolved  in  ammonia,  diluted  to  250 
c.  c,  and  25  c.  c.  was  taken  for  each  test.  This  was  reduced  by 
zinc,  and  afterwards  titrated  with  a  permanganate  solution,  with  the 
following  results : 


i 
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Ilenttxi  on  stOHm  plates  c.  c.  of 

after  rapid  action  permanganate  solution 

of  zinc  began.  used. 

15  minutes  24.85  c.  c. 

20  minutes  24.80  c  c. 

30  minutes  24.80  c.  c. 

35  minutes  24.80  c.  c. 

Of  comparisons  of  this  method  witli  the  magnesia  method  as  T 
have  nsed  it  (described  in  Travsaciions,  vol.  x.,  p.  200),  I  have  made 
a  great  number.  The  following  are  all  the  comparisons  which  I 
have  made  on  ores.  In  the  first  fourteen,  the  precipitate  was  ob- 
tained in  the  usual  way,  when  the  method  is  to  be  finished  by  titra- 
tion ;  it  was  then  dissolved  in  ammonia,  precipitated  with  magnesia 
mixture,  the  precipitate  filtered  off,  the  M0O3  determined  in  the 
filtrate,  and  the  magnesia  precipitate  weighed  : 


Xo.  of  experiment. 

Phosphorus  by  magnesia. 

Phosphorus  by  titration. 

1 

.197 

.198 

2 

.067 

.065 

3 

.188 

.187 

4 

.096 

.098 

5 

.061 

.061 

6 

.103 

.101 

7 

.029 

.030 

8 

.032 

.033 

9 

.132 

.135 

10 

.026 

.025 

11 

.057 

.057 

12 

.026 

.025 

13 

.077 

.081 

14 

.047 

.046 

In  the  following  cases,  the  determinations  were  made  on  separate 
lots  of  material  : 


Xo.  of  experiment. 

Phosphorus  by  magnesia. 

Phosphorus  by  titration. 

15 

.166 

.170 

15 

.167 

.167 

15 

— 

.166 

16 

.125 

.123 

17 

.091 

.090 

17 

.088 

.086 

18 

.100 

.103 

18 

.105 

.102 

19 

.126 

.123 

19 

.123 

.125 

20 

.088 

.084 

20 

.089 

.084 
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I  am  indebted  to  Mr.  C.  A.  Meissner  for  the  last  four  compari- 
sons in  which  duplicates  were  made  by  each  method. 

Mr.  H.  B.  Nye,  chemist  to  the  North  Chicago  Rolling  Mill  Com- 
pany, has  kindly  placed  at  my  disposal  the  results  of  some  experi- 
ments which  he  has  made  on  this  method,  and  I  gladly  avail  myself 
of  them  in  this  connection. 

He  says:  "The  following  determinations  were  made  upon  very 
fine  steel  drillings,  in  which  four  determinations  by  the  magnesia 
method  gave  .129  per  cent,  of  phosphorus  : 


tieating  to 

Permanganate  solution. 

Corresponding  p 

c.  c. 

phospliorus 
Per  cent. 

60°  C. 

63.3 

.1266 

65°  C. 

64.1 

.1282 

70°  C. 

64.1 

.1282 

75°  C. 

64.8 

.1296 

80°  C. 

65.0 

.1300 

85°  C. 

65.0 

.1300 

90°  C. 

66.1 

.1322 

95°  C. 

66.9 

.1339 

100°  C. 

68.3 

.1366 

"  Up  to  the  point  of  precipitation  I  worked  as  described  by  you. 
"  Below  I  give  also  some  comparative  results  upon  ores  showing 
a  large  variation  in  the  content  of  phosphorus  : 


Vo. 

Magnesia  method, 

Volumetric, 

two  precipitations. 

precipitating  at 

Per  cent. 

250  e.  c.  and  88°  C 

1 

.131 

.130 

2 

.060 

.062 

3 

.070 

.067 

4 

.044 

.043 

6 

.045 

.045 

6 

.321 

.318 

"  In  all  the  above,  I  made  up  to  the  uniform  bulk  of  210  c.  c. 
before  addition  of  molybdic  acid  solution.  This  bulk,  heated  to 
88°  with  the  subsequent  addition  of  40  c.  c.  molybdic  solution  at 
20°,  gives  77°  as  the  actual  temperature  at  which  the  precipitation 
was  made. 

"  I  made  a  few  determinations  upon  the  amount  of  HNO3  per- 
missible after  neutralizing  with  ammonia,  and  the  mass  has  become 
thick.  I  added  at  this  point  5  c.  c.  more  ammonia,  and  then  HNO3 
as  follows : 


A  RAPID  METHOD  FOR  THE  DETERMINATION  OF  PHOSPHORUS.     101 

No.  1.  20  c.  c.  HNOj  giving  in  above  steel  .129  per  cent.  P. 

No.  2.  23  c.  c      "  "  "         .129 

No.  3.  26  c.  c.      "  "  "         .127        " 

No.  4.  30o.  c.       "  "  "  .127 

"Showing  that  a  slight  amount  of  HNO3,  more  or  less,  does  not 
very  seriously  affect  the  correct  precipitation.  I  have  found  it  ad- 
vantageous to  measure  all  reagents  used  at  this  point  until  familiar 
with  the  colors  produced,  thus  insuring  a  fairly  constant  proportion 
of  ammonia  nitrate." 

I  have  no  doubt  as  to  the  possibility  of  finishing  this  method  as 
quickly  and  as  accurately,  by  collecting  the  precipitate  in  a  Gooch 
crucible,  and  drying  and  weighing  it. 

I  have  used  the  method  of  titration  because,  by  means  of  it,  a 
number  of  determinations  may  be  carried  out  as  quickly  as  by 
weighing;  it  is  independent  of  the  amounts  of  moisture  and  ammonia 
in  the  precipitate,  and  it  has  all  the  advantages  of  a  volumetric 
method. 

I  use  10-gm.  samples  for  ores  and  5  gra.  for  iron  and  steel. 

In  the  case  of  irons  I  dissolve  5  gra.  and  get  the  HNO3  solution 
as  described  above.  I  wash  this  into  a  graduated  100  c.  c.  flask, 
dilute  to  the  mark,  mix,  pour  through  a  dry  filter  into  a  dry  bottle, 
using  the  filter-pump.  From  the  filtrate  I  draw  off  80  c.  c.  with  a 
pipette,  and  in  this  amount  holding  4  gm.  of  the  iron  taken  for 
analysis,  I  finish  the  determination.  In  this  way,  what  may  be  a 
tedious  filtration  and  washing  is  avoided,  and  the  bulk  of  the  solu- 
tion is  kept  constant. 

In  the  case  of  ores,  I  dissolve  10  gra.  in  HCl,  evaporate  to  dry- 
ness, take  up  with  HCI,  evaporate  to  small  bulk,  and  expel  the  HCl 
by  boiling  down  with  40  c.  c.  strong  HNO3.  With  this  method  I 
never  take  more  than  three  hours  for  a  determination  in  iron  or 
steel ;  do  not  need  more  than  two  hours,  and,  with  close  attention, 
have  made  accurate  determinations  in  one  hour  and  fifty  minutes. 

I  have  used  a  mechanical  device  for  shaking  the  flasks  during 
precipitation,  which  is  very  convenient,  especially  when  a  great 
many  determinations  have  to  be  made.  It  consists  of  a  box,  the 
inside  of  which  is  about  |  inch  higher  and  |  inch  wider  than  the 
stoppered  flask.  It  has  a  door  in  front,  which  closes  tight,  a  leather 
strap  having  a  loop  in  the  middle  just  large  enough  for  the  neck 
of  the  flask  to  pa.ss  through,  is  placed  in  the  box,  so  that  one  end  is 
fastened  permanently  to  the  box  on  one  side,  and  the  other  end 
passes  out  on  the  other  side,  and  is  fastened  on  the  outside  of  the 
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box  by  a  screw  clamp.  In  putting  the  flask  into  the  box  the  neck 
is  passed  up  through  the  strap,  and  the  free  end  of  the  strap  on  the 
outside  is  pulled  down  tight,  till  the  flask  is  pressed  firmly  on  the 
bottom  of  the  box.  The  strap  is  then  held  securely  in  place  by  the 
compression  of  the  screw  clamp. 

The  box,  which  may  have  two  or  more  such  compartments  in  it, 
is  mounted  on  an  upright,  which  slides  between  guides,  and  is  given 
an  up-and-down  stroke  of  about  6  inches,  by  a  simple  arrangement 
of  pulleys  and  a  crank.  When  run  at  about  100  strokes  per  minute, 
it  gives  a  very  satisfactory  shaking.  It  takes  only  a  few  seconds  to 
fasten  a  flask  into  the  box,  and  as  many  more  to  take  it  out.  This 
appliance  thus  saves  considerable  time  and  exertion. 

The  box  prevents  any  considerable  loss  of  heat  during  the  shaking, 
so  that  the  liquid  is  kept,  during  the  precipitation,  between  the  limits 
of  temperature,  which  insures  a  precipitate  of  correct  composition. 


COLOBIMETRIG  ESTIMATION  OF  MANGANESE  IN  STEEL. 

BY  BYRON  W.  CHEEVER,  UNIVERSITY  OF  MICHIGAN,  ANN  ARBOR,  MICH. 

(Bethlehem  Meeting,  May,  1886.) 

In  my  paper  on  the  estimation  of  manganese,  etc.,  presented  at 
the  Halifax  meeting,  in  September,  1885  [Transactions,  xiv.,  372), 
I  said  that  the  colorimetric  process  "can  never  be  made  to  give 
reliable  results."  This  statement  was  based  on  the  results  of  many 
trials  made  by  my  assistant,  Mr.  E.  D.  Campbell,  and  myself,  fol- 
lowing in  our  work  the  printed  and  oral  directions  of .  others,  and 
such  modifications  as  suggested  themselves  from  time  to  time. 

The  accuracy  of  the  statement  having  been  questioned,  I  have, 
since  then,  endeavored  to  find  some  method  of  conducting  the 
operation  which  would  give  accurate  results;  I  have  also  tried  the 
methods  used  by  five  different  chemists;  and  I  am  not  able  to  bring 
the  process  within  the  limits  of  an  exact  method.  While  it  can 
fairly  be  ranked  with  the  colorimetric  carbon-process,  and  can  be 
used  for  checking  the  operations  of  a  steel  plant,  yet  it  requires 
more  care  to  obtain  uniform  results,  and  is  liable  to  greater  varia- 
tions from  slight  causes  than  the  carbon-process,  and,  in  my  judg- 
ment, is  not  a  safe  method  to  employ  when  exact  results  are  sought. 
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As  in  all  other  methods,  the  more  care  exercised  in  observing  all 
neoe^isary  pivcautions,  the  more  accnrate  the  resnlts;  and  yet,  with 
the  greate:?t  c;\re,  the  manganese  oxidized  to  permanganic  acid, 
by  boiling  with  nitric  acid  and  peroxide  of  lead,  will  vary  twenty 
per  cent,  when  working  with  the  same  sample,  under  the  same  con- 
ditions. This  great  variation  is  not  frequent  when  compared  with 
the  number  of  results,  which  are  very  uniform,  but  it  does  occur, 
and  I  am  as  yet  unable  to  find  a  remedy. 

Moreover,  the  permanganate  color  produced  under  the  same  con- 
ditions fades  more  rapidly  in  some  trials  than  in  others;  the 
majority  may  hold  the  color  for  some  time,  and  then  fade  uniformly ; 
while  occasionally  the  color  will  disappear  very  rapidly. 

The  following  method,  which  corresponds  in  many  respects  with 
that  adopted  by  others,  gives  me  the  most  uniform  results. 

Standard  Solution. — Take  1  grm.  of  steel  which  contains  about 
one  per  cent,  of  manganese  (the  exact  per  cent,  must  have  been  pre- 
viously determined);  dissolve  it  in  25  c.  c.  of  nitric  acid  (1.20 
si^ecific  gravity),  and  boil  till  clear  ;  add  325  c.  c  HNO3  (1-20  spe- 
cific gravity);  cool,  and  dilute  with  water  so  that  1  c.  c.  will  contain 
0.01  mgrm.  of  Mu.  After  dilution,  determine  the  manganese  to 
see  if  the  solution  is  correct. 

Process. — The  amount  of  steel  to  be  taken  will  depend  upon  the 
percentage  of  manganese  which  it  contains.  I  have  found  that  the 
portion  finally  taken  for  oxidation  may  contain  as  much  as  0.5  of  a 
mgrm.  of  Mn  ;  therefore,  for  a  steel  with  1  per  cent,  of  Mn,  take 
0.1  grm. ;  for  a  steel  with  0.5  per  cent,  of  Mn  or  less,  take  0.2  grm. 
Dissolve  in  15  c.  c.  HNO3  (1.20  specific  gravity),  and  boil  the  solu- 
tion till  clear;  cool,  and  dilute  with  water  to  100  c.  c.  Take  10 
c  c.  of  this  solution  in  a  large  test-tube,  and  add  3  c.  c.  HNO3  (1«20 
specific  gravity);  take  10  c.  c.  of  the  standard  solution  in  another 
large  test-tube ;  heat  both  to  boiling;  remove  from  the  flame;  add 
to  each  0.5  grm.  PbOj ;  bring  gradually  to  a  boil,  and  boil  a  few 
seconds;  cool  till  cold  ;  filter  through  asbestos  into  two  large  carbon- 
tubes,  and  dilute  the  deeper  colored  solution  with  water  till  it  corre- 
sponds in  shade  with  the  lighter. 

Precautions. — The  amount  of  manganese  in  the  portion  to  be 
oxidized  should  not  exceed  0.5  mgrm. 

The  solutions  must  not  be  too  acid,  and  should  have  as  nearly  as 
possible  the  same  amount  of  nitric  acid.  The  same  amount  of 
peroxide  of  lead  should  l)e  added  to  each,  and  then  raised  to  a  boil, 
and  boiled  a  few  seconds  only.     If  boiled  too  long,  some  of  the 
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permanganic  acid  will  be  reduced.  I  have  not  found  that  the  mode 
of  heating  has  any  decided  effect;  but  the  time  of  boiling  has. 

If  filtered  hot,  the  color  fades  more  rapidly  than  when  cooled 
before  filtering. 

The  filtrate  must  not  be  diluted  too  much,  since  it  is  difficult  to 
compare  pale  colors. 

The  asbestos  filters  may  be  used  for  a  number  of  determinations 
without  change.  Before  being  used,  they  should  be  washed  with  a 
solution  of  KMnO^,  and  the  latter  removed  with  dilute  HNO3. 

In  place  of  the  standard  steel  solution,  I  have  tried  potassium 
permanganate,  and  thus  far  have  obtained  satisfactory  results  as  to 
rapidity,  but  not  as  to  uniform  accuracy.  I  prepare  an  ^q  perman- 
ganate solution,  and  keep  it  in  a  dark  closet;  this  solution  will  hold 
its  strength  for  a  long  time.  For  each  day's  work,  I  take  10  c.  c. 
of  this  ^  solution,  and  add  to  it  100  c.  c.  of  water;  therefore  each 
c.  c.  of  this  second  solution  contains  0.1  mgrm.  of  Mn.  While  the 
sample  under  examination  is  being  filtered,  I  measure  into  the  other 
carbon-tube  5  c.  c.  of  this  standard,  add  15  drops  of  HNO3  (1.20 
specific  gravity)  and  about  10  c.  c.  of  water,  and  shake.  As  soon 
as  the  filtration  is  finished,  the  solutions  are  compared.  The  nitric 
acid  must  be  free  from  nitrous  fumes. 


THE  ESTIMATION  OF  MANGANESE  IN  IRON  AND  STEEL 
BY  THE  COLOR-METHOD. 

BY  ALFRED  E.    HUNT,  PITTSBURGH,  PA. 

(Bethlehem  Meeting,  May,  1886.) 

The  application  of  the  color-method  for  the  estimation  of  man- 
ganese in  iron  and  steel,  based  upon  the  depth  of  the  characteristic 
purple  color  of  permanganic  acid,  was  first  made  in  this  country, 
the  writer  thinks,  by  one  of  the  members  of  the  American  Institute 
of  Mining  Engineers,  Mr.  Samuel  Peters,  in  1874,  at  the  laboratory 
of  the  Bay  State  Iron  Company,  and  was  published  by  him  in  the 
Chemical  News.  The  method  is  credited  to  him  in  the  new  edition 
of  Crooke's  Select  Methods.  The  principle  of  oxidizing  manganese 
with  peroxide  of  lead,  or  other  oxidizing  agents,  and  determining 
the  amount  of  manganese  from  the  color  of  the  purple  permanganic 
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acid  solution  had  been  brought  out  before,  but  the  distinctive  feature 
of  the  quick  estimation  of  manganese  in  steels  and  irons  by  the  pro- 
cess now  in  common  use,  I  believe  to  be  original  with  Mr.  Peters. 
The  raethwl  as  used  in  the  iron  and  steel  laboratories  is  essentially 
as  follows,  for  steels : 

Dissolve  0.1  grm.  of  the  steel  in  20  c.  c.  nitric  acid  of  1.20  specific 
gravity  in  a  test-tube,  about  nine  inches  long  by  one  inch  in  diam- 
eter, by  the  aid  of  heat,  boiling  the  solution  until  the  carbonaceous 
matter  is  entirely  in  solution  and  all  nitrous  fumes  are  evolved.  This 
usually  takes  about  five  minutes  at  a  gentle  ebullition.  Then  add 
with  a  platinum  spatula  about  0.4  grm.  of  pure  peroxide  of  lead  to 
the  boilnig  solution,  adding  first  a  small  j)ortion  of  the  lead,  and  as 
soon  as  the  violent  action  ceases,  an  instant  later,  the  rest  of  the  salt, 
boiling  gently  but  continuously  for  exactly  two  and  one-half  min- 
utes longer,  then  taking  off  from  the  heat  and  placing  the  test- 
tube  in  a  beaker  of  cold  water,  out  of  contact  with  direct  rays  of 
sunlight,  and  allowing  the  solution  to  cool  and  to  settle  for  about 
an  hour.  The  clear  supernatant  solution  is  then  ready  to  decant 
off  from  the  lead  into  the  graduated  tube  and  to  match  by  dilu- 
tion with  water  with  the  standard  solution  containing  O.OOOl  grm. 
manganese  as  permanganate  in  each  c.  c.  of  solution  ;  so  that,  using 
one- tenth  grm.  steel  for  the  analysis,  each  c.  c.  of  the  solution  to  be 
determined  will  represent  0.0 1  per  cent,  of  manganese  when  the 
shades  of  color  match. 

The  standard  solution  can  be  made : 

1.  From  a  standard  solution  of  permanganate  of  potash ;  or, 

2.  There  can  be  used  for  comparison  a  colored  glass  rod,  of  the 
same  bore  as  the  graduated  tube,  and  of  a  carefully  selected  shade 
which  will  exactly  represent  the  0.0001  grm.  manganese  standard 
solution  in  a  clear  glass  tube  of  exactly  the  same  size  as  the  grad- 
uated tube ;  or, 

3.  The  standard  may  be  prepared  by  using  0.1  grm.  of  a  standard 
steel  containing  a  known  percentage  of  manganese,  treating  it  ex- 
actly as  the  unknown  sample,  and  decanting  the  solution  into  a 
similarly  graduated  tube  and  diluting  with  water  until  the  solution 
has  a  volume  of  which  the  number  of  c.  c.  is  an  equivalent  or  mul- 
tiple of  the  percentage  of  manganese  in  the  steel — applying  the 
same  principle  as  is  used  with  the  standard  steels  in  the  Eggertz 
method  for  the  estimation  of  carbon. 

This  method  when  properly  used  is  at  least  sufficiently  accurate 
for  all  practical  work,  within  say  .02  per  cent,  manganese  for  steels 
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within  the  range  of  from  0.15  per  cent,  to  1.50  per  cent,  manganese. 
It  is  fully  as  accurate  and  can  be  as  safely  guarded  from  error  as 
the  E":o:ertz  color-method  for  the  estimation  of  carbon  in  steel.  The 
method,  however,  has  many  sources  of  error  that  must  be  carefully 
avoided.  Hence,  it  is  the  writer's  custom,  in  all  important  analyses, 
to  make  a  check  analysis  by  a  gravimetric  or  volumetric  method, 
and  also  always  to  make  the  color-tests  in  duplicate,  in  the  same 
way  as  is  pursued  when  reliance  is  placed  on  the  color-method  for 
carbon. 

The  great  advantage  of  the  color-method  for  manganese  is  that 
if  the  result  is  poor,  and  any  reduction  has  taken  place  in  the  per- 
manganic acid,  it  can  be  readily  detected  by  the  peculiar  duller  red 
color  assumed  by  the  solution.  Whenever  the  determination,  for 
any  reason,  becomes  "  off  color,"  as  the  chemists  in  our  laboratory 
say,  we  reject  the  work  and  start  a  new  analysis.  With  a  little 
experience  in  working  the  manganese  color-method,  solutions  that 
will  give  erroneous  results  can  be  readily  detected.  This  fact,  to- 
gether with  the  ease  with  which  duplicate  results  can  be  obtained, 
allows  the  method  to  be  used  as  an  exact  one. 

The  following  precautions  should  be  observed  : 

1.  The  drillings  of  steel  must  have  no  oil  or  other  extraneous 
matter  with  them.  Owing  to  the  ease  with  which  permanganate 
solutions  are  reduced,  it  is  necessary  to  have  no  organic  matter 
present  that  will  not  be  entirely  destroyed  by  the  boiling  nitric  acid 
before  the  addition  of  the  peroxide  of  lead. 

2.  The  nitric  acid  must  be  pure,  and  especially  free  from  chlorine 
or  nitrous  fumes.  The  acid  must  be  of  very  nearly  1.20  specific  gravity 
throughout  the  process,  and  must  not  be  allowed  to  become  much 
more  concentrated  by  boiling.  To  prevent  this  it  is  best  to  cover 
the  mouths  of  the  test-tubes  with  clean  covers  of  porcelain  crucibles 
during  the  ebullition.  If  the  acid  becomes  too  concentrated  during 
the  boiling,  as  it  is  very  likely  to  do  if  the  ebullition  becomes  very 
violent  and  the  test-tube  be  a  lai-ge  one,  on  addition  of  the  peroxide 
of  lead  some  of  the  manganese  is  transformed  into  the  insoluble 
binoxide  of  manganese  and  is  precipitated. 

3.  The  peroxide  of  lead  must  be  free  from  color  on  boiling  with 
the  dilute  nitric  acid,  and  nnist  be  so  free  from  nitrate  of  lead  that 
it  will  oxidize  all  the  manganese  in  the  steel  to  a  reasonably  perma- 
nent permanganic  acid.  This  is  a  very  important  point,  which,  not 
properly  guarded,  has  occasioned  failures  and  has  caused  many 
chemists  to  condemn  the  method.     In  commencing  the  use  of  any 
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new  lot  of  peroxide  of  lead  it  is  a  necessary  precaution  to  mix  up  the 
salt  thoroughly  and  then  to  test  it  by  making  an  analysis  with  a  steel 
of  known  composition,  comparing  it  with  a  standard  solution  of  per- 
mangrtiiate  of  potash,  and  obtaining  a  concordant  result.  The  writer 
has  found  it  necessary  to  purify  his  own  peroxide  of  lead  and  has 
never  yet  found  any  of  the  best  foreign  makes  called  "  c.  p."  to  be 
satisfactory  and  to  give  uniformly  reliable  results.  Most  of  the 
peroxide  of  lead  sold  in  the  markets  is  non-homogeneous  and  con- 
tains considerable  quantities  of  nitrate  of  lead  unevenly  disseminated 
in  it. 

4.  The  ebullition  must  not  be  too  violent  and  must  not  last  over 
two  and  one-half  minutes.  It  is  necessary  to  stand  by  the  tubes 
with  watch  in  hand  and  to  take  them  out  when  the  time  is  up.  Too 
lonor  lx)ilinff  invariably  y;ives  bad  results.  The  boiling  is  best  done 
in  a  water-bath  in  which  chloride  of  calcium  is  added  to  the  water 
to  raise  its  boiling-point. 

0.  There  must  not  be  chlorhydric  acid,  sulphuretted  hydrogen,  or 
other  fumes  in  the  air  of  the  room  in  which  the  tubes  are  allowed 
to  stand  to  cool.  It  is  best  not  to  allow  the  solution  to  stand  too 
long,  never  over  two  hours  before  comparison. 

6.  The  writer  has  no  trouble  in  getting  good,  reasonably  perma- 
nent colors,  but  has  never  had  uniformly  satisfactory  results  by  filter- 
ing the  solution  from  the  peroxide  of  lead  through  asbestos,  and  has 
consequently  preferred  to  decant  off  the  solution  from  the  lead. 
When  a  standard  steel  is  used,  having  nearly  the  same  percentage 
of  manganese  as  the  sample  to  be  determined,  equal  amounts  of 
solution,  and  treatment  exactly  the  same  so  far  as  practicable,  the 
error  due  to  the  amount  of  liquid  remaining  with  the  lead  in  the 
bottom  of  the  tube  is  comparatively  trifling — never  over  0.02  per 
cent,  when  the  precautions  mentioned  above  are  carefully  observed. 

7.  The  water  used  in  diluting  must  be  free  from  organic  matter. 
The  ordinary  distilled  water  used  in  chemical  laboratories  often 
contains  considerable  organic  matter,  which  will  rapidly  reduce  per- 
manganate solutions. 

8.  The  mixing  of  the  color-solutions  for  comparison  can  best  be 
done  by  having  the  graduated  tube  provided  with  a  glass  stop-cock, 
or  it  can  be  satisfactorily  performed  by  pouring  the  solution  out  into 
a  clean  beaker  and  then  decanting  back  into  the  graduated  tube.. 
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THE  ACTION'  OF  DILUTE  ACIDS  ON  CERTAIN  VARIETIES 
OF  FUSED  SULPHIDE  OF  IRON. 

BY  EDWARD  HART,  LAFAYETTE  COLLEGE,  EASTON,  PA. 

(Bethlehem  Meeting,  May,  1886.) 

Having  occasion  several  years  since  to  make  ferrous  sulphide,  I 
attempted  to  do  so  by  fusing  a  mixture  of  coal-brasses  (FeS2)  and 
dried  ferrous  sulphate.  A  very  nice-looking  sulphide  was  obtained  ; 
but  on  attempting  to  use  it,  I  found  that  it  was  insoluble  in  dilute 
hydrochloric  and  sulphuric  acids.  The  subject  was  laid  aside  at  the 
time,  but  has  since  been  taken  up ;  and  some  curious  results  have 
been  obtained,  which  I  believe  are  new. 

I  have  made  the  material  by  all  of  the  following  methods  and  the 
product  seems  to  be  pretty  much  the  same,  however  obtained  : 

(a)  FeSg  heated  to  fusion. 

(6)  FeSa  and  FeSO^  heated  to  fusion. 

(c)  FeSg  and  FcgOg  heated  to  fusion. 

(d)  FeSg  and  FeCOg  heated  to  fusion. 

(e)  FeS04  and  S  heated  to  fusion. 
(/)  FcgOg  and  S  heated  to  fusion. 

Obtained  in  this  way  the  mass  after  cooling  breaks  easily  and  is 
very  nearly  black  in  color.  On  the  upper  surface  of  the  fused  cake 
the  color  is  generally  reddish  or  brownish  black. 

When  this  is  treated  with  dilute  sulphuric  or  hydrochloric  acid, 
it  refuses  to  dissolve  ;  but  if  touched  with  the  point  of  a  file  or  any 
piece  of  wrought-iron,  solution  of  the  sulphide  takes  place  with  the 
evolution  of  sulphuretted  hydrogen.  If  the  iron  is  removed  the 
evolution  of  gasceases,  and  only  begins  again  when  the  iron  is  again 
brought  into  contact  with  the  fused  sulphide.  The  same  thing  happens 
if  the  iron  is  connected  with  the  sulphide  by  means  of  a  platinum 
wire.  But  in  all  the  samples  of  fused  sulphide  I  have  obtained,  if 
the  iron  is  allowed  to  remain  in  contact  with  the  sulphide  for  a  cer- 
tain time  (which  varies  with  different  samples  of  the  fused  sulphide) 
and  is  then  removed,  solution  of  the  sulphide  continues. 

Zinc,  tin,  and  magnesium  have  the  same  effect  as  iron.  In  hydro- 
chloric acid  aluminium  acts  more  rapidly  even  than  iron.  In  sul- 
phuric acid  it  has  little  if  any  effect. 

Copper  in  HCl,  when  brought  in  contact  with  the  fused  sulphide, 
dissolves  quietly  without  evolution  of  gas.  The  solution  of  copper 
chloride  formed  becomes, as  it  flows  down  over  the  sulphide, converted 
into  copper  sulphide. 
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If  the  sulphide  of  iron  is  placed  in  a  platinum  dish,  near  one  side, 
covered  with  dilute  HCl,  and  then  a  copper  wire  is  brought  in  con- 
tact with  the  platinum,  through  the  acid  and  as  far  away  from  the 
sulphide  as  possible,  the  copper  dissolves  and  sulphuretted  hydrogen 
is  evolved  from  the  sulphide. 

In  sulphuric  acid  copper  behaves  in  the  same  way,  except  that  the 
action  is  less  rapid.  Antimony  and  bismuth  behave  like  copper  in 
hydrochloric  acid,  but  dissolve  less  rapidly.  In  sulphuric  acid  they 
are  only  very  slowly  attacked. 

Silver  is  attacked  rapidly  in  HCl  ;  in  H2SO4,  less  rapidly. 

Mercury  and  lead  become  covered  with  a  film  of  chloride  in  HCl, 
which  stops  the  action ;  in  HjSO^  they  are  only  very  slightly  attacked 
if  at  all. 

Platiuum  is  without  action  and  does  not  dissolve,  and  the  same 
may  be  said  of  gold  and  palladium. 

It  may  not  be  thought  strange  that  iron,  zinc,  tin,  aluminium,  and 
magnesium  should  cause  the  iron  sulphide  to  dissolve;  but  that 
copper,  antimony,  bismuth,  lead,  silver,  and  mercury  should  not  only 
cause  the  solution,  but  even  dissolve  themselves,  seems  rather  re- 
markable. 

There  are  some  things  about  this  behavior  of  the  fused  sulphide 
which  remind  one  of  passive  iron  ;  and  it  may  be  that  this  behavior 
is  caused  by  the  presence  of  a  film  of  oxide  of  iron,  as  in  that 
case. 

On  the  other  hand,  it  is  not  at  all  impossible  that  at  least  a  part 
of  the  iron  may  be  present  as  an  oxysulphide. 

Oxygen  so  often  replaces  sulphur  in  combination  that  we  might 
easily  conjecture  the  existence  of  an  oxysulphide  having  the  formula 
FeOS,  corresponding  to  the  disulphide. 

Such  a  compound  would  probably  be  insoluble  in  dilute  acids,  at 
least  unless  they  were  heated,  and  when  decomposed  would  give  with 
HCl  a  reaction  like  the  following  : 

FeOS  +  2HC1  =  FeCl^  +  U,0  +  S. 

Now  the  material  made  by  method  c,  after  having  been  pulverized, 
dissolves  in  hot  hydrochloric  acid  with  the  separation  of  consider- 
able sulphur. 

Two  oxysulphides  of  iron  have  been  described  :  one  by  Berzelius, 
the  other  by  Rammelsberg.  The  one  prepared  by  Ramraelsberg  gave, 
when  analyzed,  results  corresponding  to  the  formula  FcgOg  +  3Fe2S3. 
Berzelius  seems  to  have  made  no  analysis.     His  material  was  ob- 
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tained  by  heating  oxide  of  iron  with  powdered  sulphur  to  a  temper- 
ature below  redness,  until  sulphur  dioxide  ceased  to  come  off.  He 
describes  it  as  a  chestnut-brown  powder,  adhering  to  the  magnet, 
and  dissolving  with  difficulty  in  hydrochloric  acid,  with  precipita- 
tion of  sulphur  without  evolution  of  sulphuretted  hydrogen — exactly 
the  properties  we  would  naturally  give  to  a  material  having  the 
formula  FeOS. 

It  will  be  readily  believed  that  it  is  a  matter  of  considerable  dif- 
ficulty to  get  this  fused  sulphide  in  anything  like  a  state  of  purity. 
It  must  be  exposed  to  a  white  heat  in  order  to  fuse  it ;  and  at  this 
temperature  the  oxide  of  iron  attacks  the  silica  of  the  crucibles, 
perforating  them.  I  have  not  yet  succeeded  in  getting  anything  like 
a  pure  material  for  analysis,  and  I  anticipate  considerable  trouble  in 
doing  so. 

Some  of  the  material  obtained  by  method  c  gave  the  following 
results  on  analysis  : 

SiOj  (from  the  crucible),        .        .        »        .        .  .47  per  cent. 

S, 28.74    "      " 

Fe, 65.92    "      " 


95.13 


The  remaining  4.87  per  cent,  is  probably  oxygen  for  the  most  part. 
That  this  material  contains  some  admixed  ferric  oxide  is  evident 
from  its  behavior  with  hydrochloric  acid.  Although  no  gas  is  given 
off,  the  solution  around  the  sulphide  soon  takes  the  characteristic 
yellow  color  of  ferric  chloride. 

There  ought  to  be  an  FeOS — whether  there  is  one  must  be  left  un- 
decided at  present.  I  shall  continue  this  work  with  the  hope  of 
obtaining  a  material  which  will  remain  in  the  passive  state  until 
most  of  it  has  dissolved. 


IfOTES  ON  SOME  CHINESE  COALS. 

BY  JOHN  C.    F.   RANDOLPH,  NEW  YORK  CITY. 

(Bethlehem  Meeting,  May,  1886.) 

Although  China  is  believed  to  contain  an  enormous  coal-area, 
but  few  memoranda  have  been  published  as  to  the  character  of  its 
coals.  Our  belief  as  to  the  extent  of  its  coal-fields  rests  mainly  on 
the  statements  of  travellers  of  all  classes,  religious,  scientific,  etc., 
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who  have  penetrated  every  portion  of  the  Chinese  Empire,  and 
ah.iost  invariably  have  noted  the  existence  of  coal  in  some  districts 
visited.  Since  no  general  geological  snrvey  has  as  yet  been  attempted 
in  China,  or  indeed  conld  be  under  the  present  government,  our  in- 
formation must  continue  to  rest  for  some  time  to  come  on  the  accounts 
given  by  travellers.  The  following  memoranda  of  coals  recently 
examined  by  me  in  central  China,  on  the  Yang-tse-Kiang  river, 
between  AVu-hu  and  Han-kow,  are  taken  from  my  note-books,  and 
it  is  believed  will  be  of  interest.  Geologically,  these  coals  overlie 
limestones  and  sandstones,  and  are  in  slates.  Although  no  fossils 
were  found,  their  geological  position  is  probably  Lower  Carbonif- 
erous. The  first  six  represent  a  series  of  seams  lying  in  a  basin 
perhaps  twenty  miles  square,  of  which  the  old  town  of  Che-chow-fu 
may  be  taken  as  the  centre.  They  all  lie  but  a  few  miles  south  of 
the  Yang-tse.  One  of  them  is  at  present  mined  ;  but  lack  of  market 
and  costly  transportation  prevent  the  serious  exploitation  of  the 
others  except  where  very  close  to  the  river. 

I.  3Iun-to-san. — Situated  one  mile  south  of  the  Yang-tse,  and 
two  miles  from  Lao-po-Kee.  Coal-seam  6  to  8  feet  wide,  and 
mined  at  the  present  time  by  two  shafts  and  one  slope.  At  one 
opening,  the  coal  dips  25°  N.W.,  and  at  the  two  others  25°  N.E. 
The  floor  consists  of  gray  sandstone,  and  the  roof  of  black,  splintery 
slate.  The  coal  is  very  soft,  and  produces  much  slack.  It  is  mainly 
bought  by  small  Chinese  tugs  plying  on  the  river.  The  operators 
are  at  present  seeking  lower  seams  with  an  English  diamond  drill. 


Per  cent. 

Specific  gravity,  1.71. 

Moisture  and  volatile  combustible,     19 

Gave  no  coke.     Ash,  white. 

Fixed  carbon,        .        .        ,         .71 

1  gramme  reduced  20.3  grms.  lead. 

Ash 10 

100 

II.  See-mah-poo. — Located  18  miles  from  Mun-to-san,  or  9  miles 
N.E.  of  Yen-kah-woy.  Coal-seam  4  feet  thick,  in  slates.  Dip  S.  20°. 
The  coal  is  black  and  very  soft. 

Per  cent. 
Specific  gravity,  1.74.                                Moisture  and  volatile  combustible,     11 
Gave  no  coke.     Ash,  white.                     Fixed  carbon,        .        .        .        .80 
1  gramme  reduced  21.48  grms.  lead.        Ash, 9 

100 

III.  Woo-shen-tung. — Located  one  mile  S.W.  of  Yen-kah-woy, 
in  slates.  Dip  E.  45°.  A  small  shaft  was  sunk  here  some  years 
since,  showing  the  following  section : 
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Clay,     . 

Slates,  . 

Coal-seam  No.  1, 
Slates,  . 

Coal-seam  No.  2, 
Slates,  . 

Coal-seam  No.  3, 
Slates,  . 

Coal-seam  No.  4, 
Slates,  . 
Coal-seam  No.  5, 


The  coal  is  very  soft  and  slaty. 

Specific  gravity,  1.78. 

Gave  no  coke.     Ash,  white. 

1  gramme  reduced  16.47  grms.  lead. 


40  feet. 
10  feet. 
18  inches. 

3  feet. 
12  inches. 

4  feet. 
10  inches. 

6  feet. 
6  inches. 
17  feet. 
6  feet. 


Per  cent. 
Moisture  and  volatile  combustible,     13.0 
Fixed  carbon,        ....     47.5 
Ash, 39.5 

100.0 


IV.  Chin  san. — Located  eighteen  miles  south  of  Yen-kah-woy. 
Coal-vein  varying  from  6  to  8  feet  in  thickness,  in  slates.  Dip  N.E. 
40°.  Coal  hard.  At  one  time  prospected  by  a  shallow  shaft;  but 
transportation  on  men's  backs  and  lack  of  demand  prevented  further 

work. 

Per  cent. 
Specific  gravity,  1.72.                                 Moisture  and  volatile  combustible,      13 
Gave  no  coke.    Ash,  white.                      Fixed  carbon,        .        .        .        .73 
1  gramme  reduced  21.17  grms.  lead.       Ash, 14 

100 

V.  Tse-lung-chung. — Located  two  miles  south  of  Chin-san,  and 
twenty  miles  from  Yen-kah-woy.  Coal-vein  2  to  3  feet  thick,  in 
slates.     Dip  N.E.  40°.     Surface  coal  soft  and  earthy. 

Per  cent. 
Moisture  and  volatile  combustible,     13.5 
Fixed  carbon,        ....    73.3 
Ash, 13.2 

100.0 


Specific  gravity,  1.70. 

Gave  no  coke.   Ash,  gray. 

1  gramme  reduced  20.89  grms.  lead. 


VI.  Kun-clioh-wan. — Located  fourteen  miles  east  of  Tse-lung- 
chung,  on  top  of  a  mountain.  Vein  6  to  8  feet  wide,  in  the  slates. 
Dip  N.  25°.     Coal  hard. 


Specific  gravity,  1.71. 

Gave  no  coke.    Ash,  gray. 

1  gramme  reduced  20  grms.  lead. 


Per  cent. 
IMoisture  and  volatile  combustible,     16.5 
Fixed  carbon,        ....     72.5 
Ash, 11.0 


100.0 
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All  of  these  coals  are  semi-anthracites,  with  a  medium  amount  of 
ash,  and  are  superior  to  many  American  coals  west  of  the  Mississippi. 

Further  west,  on  the  Yang-tse,  toward  Han-kow,  quite  different 
coals  are  found,  which  gave  the  following  results: 


VII.  Ho-peok-Tsuug-ho,   No.    1. — Largely    used    by   merchant 
steamers  on  the  Yang-tse. 

Per  cent. 
Gave  72  per  cent,  good  coke.                   Moisture  and  volatile  combustible,     28 
1  gramme  reduced  2*2.68  grras.  lead.       Fixed  carbon,        ....     63.8 
Ash  dark-brown.  Asli, 8.2 

100.0 

YIII.  Tsung-ho,  Xo.  2. 

Per  cent. 
No  coke.   Ash,  gray.  Moisture  and  volatile  combustible,       9 

1  gramme  reduced  18.41  grms.  lead.       Fixed  carbon,        .        .        .        .74 

Ash,      ......     17 

100 

IX.  Hoo-nan. — Hard  black  anthracite. 

Per  cent. 
Gave  no  coke.   Ash  white.  Moisture  and  volatile  combustible,   10.8 

1  gramme  reduced  26.4  grms.  lead.  Fixed  carbon,       ....     84.2 

Ash, 5 

100.0 

X.  Han-kow. — Anthracite.     A  neighboring  seara  to  Hoo-nan. 


Gave  no  coke.   A.sh  gray. 

1  gramme  reduced  26  grms.  lead. 


Per  cent. 
Moisture  and  volatile  combustible,     11 
Fixed  carbon,         .         .         .         .84 
Ash, 5 

100 


Almost  all  these  coals  would  be  fit  for  railroad,  metallurgical,  or 
domestic  purposes.  There  is,  however,  no  domestic  demand  for 
coal  in  China  to-day,  except  to  a  limited  extent  by  foreigners  in 
coast  cities,  who  use  English,  Australian,  and  American  coals, 
brought  as  return  freights  by  tea-steamers.  The  natives  use  very 
little  fuel,  and  never  anything  but  wood.  If  the  weather  is  very 
cold,  they  wear  furs  in  the  house  as  well  as  outside.  The  railroad 
question  in  China  is  still  pending,  and  until  railroads  are  built  the 
demands  for  these  and  similar  coals  in  metallurgy  will  be  unim- 
portant. Long-flaming  coals  for  marine  boilers  are  in  great  demand 
on  the  coast,  but  have  only  been  mined  at  Ho-pec  (No.  7)  and  near 

VOL.  XV. — 8 


114    THE  BRISTOL  AND  BIG  STONE  GAP  SECTION  OF  TENN.  AND  VA. 

Tien-Tsin,  and  the  amount  brought  to  market  is  slight.  On  this 
account,  large  amounts  of  Japanese  coal  from  the  mines  on  the 
island  of  Taka-shima  near  Nagasaki  are  brought  to  the  China  ports 
and  find  a  ready  market.  They  are  very  dirty  and  contain  from  20 
to  40  per  cent,  of  ash.  Should  railroads  be  eventually  constructed 
in  China,  all  the  coals  noted  and  a  very  large  area  of  similar  coals 
will  be  made  available  for  many  purposes.  The  whole  coal  question 
in  China  to-day  depends  upon  cheap  transportation  and  a  good 
market.     Neither  of  these  factors  exists  to-day. 


THE  ECONOMIC  GEOLOGY  OF  THE  BRISTOL  AND  BIG 
STONE  GAP  SECTION  OF  TENNESSEE  AND    VIR- 
GINIA, PURSUING  THE  GENERAL  COURSE 
OF  THE  SOUTH  ATLANTIC  &  OHIO  R.R. 

BY   C.    R.    BOYD,   WYTHEVILLE,    VA. 

(Bethlehem  Meeting,  May,  1886.) 

This  section  is  about  fifty  miles  in  length,  extending  from  the 
semi-magnetic  and  brown  iron-ore  deposits,  near  South  Fork  of 
Holston  Ki  ver,  on  Virginia  and  Tennessee  State  line,  through  Bristol, 
Tenn.,  Goodson,  Imboden,  or  Mineral  City,  and  Big  Stone  Gap,  Va., 
to  the  Cumberland  Mountain,  on  the  line  between  Virginia  and 
Kentucky. 

Following  a  geological  section  from  the  southeast  (or  near  South 
Holston  River),  to  the  northwest,  we  encounter,  first: 

The  slates  of  No.  III.,*  generally  dipping  southeasterly  with  a 
trend  of  N.  65°  E.  They  outcrop  along  the  north  bank  of  South 
Holston  River,  having  a  thickness  of  375  feet,  250  feet  of  which,  as 
at  Pen  Rhyn  quarry  and  the  James  quarry,  southeast  of  Bristol,  is 
slate  of  high  grade  for  interior  architectural  uses.  Next  northwest  is 
an  nndulatingseries,givingsurface-exhibitsof  these  slates,  alternating 
with  Trenton  limestone,  for  2J  miles,  to  the  line  of  semi-magnetic 
red  iron-ores  and  brown  iron-ores,  of  the  upper  horizon  of  No.  II., 
generally  pitching  southeasterly,  as  though  the  whole  series,  in- 
cluding the  slate  described,  formed  a  great  trough,  with  its  middle 

*  The  nomenclature  employed  is  that  of  the  first  Pennsylvania  survey  of  Rogers, 
except  where  otherwise  specified.  Numbers  followed  by  the  letter  D.  refer  to 
Duna's  clas.sification,  as  shown  in  the  Transaction!^  of  the  Institute,  vol.  ix.,  p.  138. 
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marked  by  the  course  of  South  Ilolston  River.  These  semi-mag- 
netic rei\  ores  and  brown  ores  of  iron  show  in  many  pits  and  o})en 
cuts  for  10  miles  in  a  direction  northeast  and  southwest,  tlie  open- 
ings exhibiting  breasts  and  bodies  of  ore  measuring  from  10  to  over 
100  feet  thickness.  By  the  analyses  of  A.  S.  McCreath,  nine  sam- 
ples of  the  semi-magnetic  red  ore,  taken  from  different  parts  of  these 
ore-bodies,  yield  an  average  as  follows: 

Metallic  iron 62.000 

Phosphorus 0.032 

Phosphoras  in  100  parts  of  iron, 0.051 

These  ores  are  remarkably  free  from  silica  and  sulj^hur,  and  show 
a  fracture  almost  identical  in  appearance  with  that  of  the  Pilot  Knob 
ores.  An  average  of  four  samples  of  the  brown  iron-ores  of  these 
measures,  which  forms  nearly  50  per  cent,  of  the  whole  body,  as  now 
showing,  is  as  follows: 

Metallic  iron, 54.532 

Phosphorus 0.031 

Phosphorus  in  100  parts  of  iron, 0.0568 

These  ores,  taken  together,  are  rather  too  refractory  for  use  in 
charcoal  furnaces,  but  are  of  great  importance,  considered  either  in 
connection  with  the  fossil-ores  of  the  vicinity  of  Big  Stone  Gap,  or 
the  brown  ore-deposits  at  different  points  along  the  general  line  of 
this  section. 

Proceeding  northwest  3  miles,  to  Bristol,  over  undulations  of  the 
.same  strata,  interesting  exhibits  of  these  ores  are  found  toward  the 
western  limits  of  the  town  of  Bristol,  on  the  line  between  the  States 
of  Virginia  and  Tennessee,  close  to  which,  and  apparently  above  in 
the  order  of  superposition,  are  deposits  of  barytes,  all  of  which 
require  development  to  permit  a  reasonable  conjecture  of  quantities. 
Ti>e  san)e  undulations,  of  a  now  gentle  and  then  more  steeply  in- 
clining stratification,  making  like  exhibits  of  limestones  and  unde- 
termined bodies  of  ore,  continue  for  6  miles  northwest  of  Bristol  to 
the  line  of  Walker's  Mountain,  which,  on  its  crest,  exhibits  upper 
No.  III.,  composed  of  limestones,  chert,  and  slate,  with  pot-holes 
filled  with  clay,  which  do  not  appear  in  the  outcrops.  The  great 
body  of  these  No.  III.  rocks  is  from  350  to  500  feet  thick,  exhibit- 
ing now  and  then  thin  measures  of  the  highly  beautiful  marble, 
which  l>ecomes  so  thick  and  decided  in  its  coloring  farther  along,  the 
line  of  this  section  in  Scott  county. 

Passing  nine  miles  over  No.  III.  and  No.  II.  outcrops,  occasion- 
ally folded  but  generally  in  descending  order,  the  first  great  fault  is 
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encountered  on  the  north  bank  of  North  Holston  River,  which  brings 
an  upthrow  of  the  iron-stained  limestones  of  No.  II.  against  a  down- 
throw of  the  slates  of  No.  VIII.  (10  D.).  This  nine  miles  includes 
thin  exhibits  of  marble  of  No.  III.  of  some  value  here  and  there,  in 
bands  in  the  lower  horizon  of  No.  III.,  5 J  feet  to  15  feet  in 
thickness,  occurring  on  the  south  side  of  North  Holston  River. 
These  iron-stained  limestones,  well  down  in  No.  II.,  and  dipping 
60°  in  a  direction  S.  20°  E.,  are  over  265  feet  in  thickness,  some- 
times showing;  intercalations  of  mag;nesian  slates. 

On  the  north  side  of  the  Holston  fault,  the  whole  formation  dips 
S.  by  S.E.,  at  an  angle  of  30°  to  50°,  the  course  being  N.  70°  E. 
The  Marcellus  and  Hamilton  slates  (10  a  and  10  6,  D.)  are  quite 
thick,  being  over  700  feet.  Only  occasionally,  along  this  portion  of 
the  fault,  does  the  Catskill  or  12  D.  show,  with  ledges  of  excellent 
flagstone;  though,  along  the  fault,  farther  northeast,  the  lowest  Car- 
boniferous is  the  bounding  wall  of  the  Holston  fault  on  its  north  side; 
while  at  Saltville,  on  this  line  of  fault,  even  the  Subcarboniferous 
limestone  is  largely  exhibited,  with  great  masses  of  gypsum  and  rock- 
salt,  over  700  feet  in  thickness.  Within  1 J  miles  of  this  fault,  on  the 
northwest  side,  are  exhibits  of  No.  IV.  and  No.  V.,  Nos.  VI.  and  VII. 
being  quite  thin.  Here,  Moccasin  Creek,  cutting  through  Clinch 
Mountain,  makes  a  section  from  which  we  obtain  the  following 
reading:  Sandstone  of  IV.,  175  feet  thick;  sandstone  and  slates  of 
v.,  125  feet  thick,  showing  seams  of  red  and  brown  iron-ores  of 
value,  but  not  of  that  well-defined  character  marking  the  ore-deposits 
in  the  vicinity  of  Big  Stone  Gap,  on  this  section-line.  These  ore- 
deposits,  after  further  development,  may  prove  of  importance;  and 
those  of  No.  VII.,  to  the  right  of  Moccasin  Gap,  even  show  surface- 
deposits  which  are  magnetic  in  character.  All  of  these  deposits  re- 
quire development. 

Passing  then  northwest  on  the  section-line,  in  descending  order, 
through  the  rocks  of  lower  No.  IV.,  it  is  in  the  north  base  of  Clinch 
Mountain  and  west  of  Estillville,  that  we  see  in  No.  III.  the  finest 
exhibits  of  gray  and  purple  marble,  which  more  than  rival  in  beauty 
and  texture  and  extent  of  outcrop  the  widely-known  Tennessee 
marble  of  Hawkins  and  other  counties  of  Tennessee.  No.  III.  for- 
mation, which  is,  in  all,  over  425  feet  in  thickness  in  this  region, 
here  displays  in  its  lower  middle  part  this  massive  deposit  of  varie- 
gated purple  and  gray  marble.  Petrain  corniculum  and  Paheaster 
malutina,  among  other  fossils,  may  be  identified.  The  surfaces  of 
the  few  fragments  so  far  polished,  are  very  beautiful.     Its  delicate 
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tints,  due  to  the  presence  of  organic  matter,  contrast  favorably  with 
the  transparent  white  of  the  purer  carbonate  of  lime.  These  meas- 
ures are  from  50  to  over  150  feet  in  thickness,  and  traverse  the 
direction  of  our  cross-section  for  more  than  2^  miles,  havinw;  a  strike 
of  N.  70^  E.  The  general  inclination  of  these  strata  is  southwardly, 
say  from  10°  to  30°  in  a  direction  S.  20°  E. 

We  have  now  traversed  nearly  one-half  of  the  whole  section-line. 
Continuing  northwest  2h  miles,  the  section  is  in  Moccasin  Ridge, 
and  the  pitch  being  southeast,  while  we  are  progressing  northwest, 
the  edges  of  the  division  between  II.  and  III.  are  passed  over  in 
this  ridge,  displaying  first  chert  and  barytes  in  undeveloped  quanti- 
ties; then  brown  iron-ores,  red  iron-ores,  and  manganese-ores,  in 
measures  of  variable  thickness,  all  of  which  require  development  to 
afford  a  true  reading  of  absolute  thickness  and  quantity.  Then 
passing,  in  descending  order,  through  the  upper  horizon  of  No.  II., 
over  the  upturned  edges  of  limestones  of  No.  II.,  more  or  less  stained 
with  decomposing  pyrites  or  carbonate  of  iron,  for  two  miles,  the 
section  line  reaches  another  great  fault — the  Copper  Creek  fault — 
noted  by  Profe&sors  Lesley  and  Stevenson,  bringing  lower  No.  II. 
on  the  south  side  of  Copper  Creek  into  contact  with  lower  No.  IV. 
on  the  north  side  of  the  creek. 

But  I  do  not  mean  to  assert  that  the  line  of  fault  pursues  the 
direction  of  Copper  Creek  infallibly.  It  is  quite  certain,  indeed, 
that  along  the  line  of  this  section.  No.  II.  rocks  (the  iron-stained 
limestones  of  No.  II.)  exist  on  the  north  side  of  Copper  Creek.  It 
is  often  in  Copper  Ridge,  an  elevation  on  the  north  side  of  Copper 
Creek,  that  the  fault-line  is  found.  Copper  Ridge,  however,  usually 
presents  along  its  crest  the  lowest  rocks  of  No.  IV.  dipping  south- 
ward, while  toward  its  north  base,  on  our  section-line,  are  weak  rep- 
resentatives of  the  marble  deposits  of  No.  III.  just  described. 

Following  the  section  line  northwest  2J  miles  to  Clinch  River, 
another  displacement  is  encountered,  which  is  nearly  similar  in  all 
respects  to  that  of  Copper  Creek.  Thence  it  is  four  miles,  over 
undulations  and  folds  of  limestone  strata,  mainly  presenting  at  the 
surface  the  rocks  of  upper  No.  II.  and  lower  No.  III.,  to  the  large 
deposits  of  red  hematite  iron-ore  in  upper  No.  II.,  showing  over  40 
feet  in  thickness,  dipping  gently  S.  25°  E.,  and  known  as  the  Stock 
Creek  ores.  These  ores,  as  analyzed  by  Booth  (of  Booth  &  Gar- 
rett), show  68  per  cent,  metallic  iron  and  0.014  phosphorus.  The 
strike  of  this  body  is  from  northeast  to  southwest,  and  it  is  one  mile 
S.E.  of  the  next  great  fault  which  separates  a  great  wall  of  No.  II. 
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limestones  on  the  south  side  from  the  Devonian  on  the  north  side  of  the 
fault.  This  fault  occurs  on  upper  Stock  Creek,  or  on  a  line  parallel  to 
and  just  south  of  the  eastern  section  of  Powell's  or  Stone  Mountain. 
Here  the  Devonian  is  comparatively  thin,  not  more  than  500  feet 
thick,  on  the  northwest  margin  of  which,  one  mile  from  Stock  Creek, 
is  another  fault,  which  brings  up  No.  V.  on  the  southwest  end  of 
the  eastern  section  of  Powell's  Mountain,  giving  an  exhibit  of  thick 
and  valuable  measures  of  ores  of  No.  V.,  followed  in  regular  ascend- 
ing sequence  northeast,  by  rocks  of  Nos.  VI.,  VIl.,  IX.,  X.,  etc., 
leading  up  into  the  coal-measures,  far  enough  to  pass  over  veins  of 
bituminous  coal  6|  feet  thick,  up  to  cannel  coal-veins  of  such  merit 
as  to  show  coal  having,  by  A.  S.  McCreath's  analyses,  43.57  per 
cent,  of  volatile  matter  and  water,  and  9.62  of  ash. 

Returning  to  the  section-line  at  the  S.W.  end  of  the  eastern 
division  of  Powell's  or  Stone  Mountain,  on  the  south  side  of  Wildcat 
Valley,  the  section-line,  pursued  northwest,  drops  off  that  mountain, 
passing  down  through  Subcarboniferous  limestones  and  Devonian 
shales,  and  limestones  of  No.  VI.  to  the  massive  iron-ore-bearing 
measures  of  No.  V.  (across  Wildcat  Valley)  in  Walden's  Ridge. 
These  measures  of  No.  V.  are  over  600  feet  thick,  and  the  fossil- 
deposits  in  them  aggregate  over  7  feet  thickness,  here  close  together, 
and  dipping  60°  S.E.  Following  the  section-line  two  miles  north- 
wardly, a  repetition  of  these  fossil'iron-ore  measures  is  again  encoun- 
tered on  the  south  side  of  Powell's  River,  dipping  here  northwardly 
and  there  southwardly  at  high  angles;  and  these,  as  well  as  those 
toward  Wildcat  Valley,  show  their  outcrops  in  hills  varying  between 
125  and  500  feet  above  water-level  in  the  creeks  and  rivers  flowing 
near  by.  In  this  immediate  vicinity  these  ore-deposits  of  fossil  red 
iron-ore  make  a  great  horse-shoe  curve,  fully  12  miles  around  and 
only  2  miles  across — due  to  the  uprising  of  the  floor  to  the  south- 
west and  a  corresponding  degradation  to  the  northeast.  The  north- 
west side  of  this  valuable  curved  exhibit  of  No.  V.  ores  crosses 
Powell's  River,  pursuing  a  southwesterly  direction,  4^  miles  S.W. 
of  Imboden  or  Mineral  City,  and  then  assumes  the  name  of  Poor 
Valley  Ridge  ores,  which  it  retains  until  it  reaches  and  passes  Cum- 
berland Gap.  Here,  in  Virginia,  it  exhibits  more  than  50  miles' 
length  of  an  ore  which  gives  the  following  analyses  near  Big  Stone 
Gap : 

Metallic  iron, 52.(500 

.Siili)hur, 0.018 

rii()si)horus, 0.11(5 

Insoluble  matter 18.1-JO 

(McCreatli,  analyst.) 
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Leaving  those  ores,  then,  on  the  section-line,  and  passing  over 
the  following  measures  of  Upper  Silurian,  Devonian,  and  Subcar- 
boniferous  rocks  (600  feet  of  Upper  Silurian,  next  fossil  ore,  800 
ftvt  Marcellus  and  Hamilton,  100  feet  Catskill  sandstones,  430  feet 
Suboarboniferous  limestones),  we  enter  the  great  coal-field  contigu- 
ous to  Big  Stone  Gap,  which  is  really  a  part  of  the  southern  margin 
of  the  Great  Kanawha,  Ohio,  and  Kentucky  coal-field.  At  Big 
Stone  Gap,  we  are  really  in  the  easterly  limb  of  the  great  bifurcation 
of  the  Cumberland  Mountain,  where  lower  rocks  of  the  great  coal 
formation  have  been  upheaved,  exhibiting  to  view  in  Big  Stone 
Gap,  almost  on  edge,  the  Subcarboniferous  limestones,  followed,  as 
we  proceed  northwest,  by  the  almost  flat  sandstones  and  conglom- 
erates which  underlie  the  great  coal-veins.  Within  three-fourths 
of  a  mile  X.  W.  from  Big  Stone  Gap  is  the  great  horizontal 
vein,  15  feet  thick,  9  feet  of  which  is  coking  coal,  and  4|  feet 
splint  coal,  which,  with  the  exception  of  one  vein  of  a  size  worth 
mentioning,  is  the  lowest  of  this  valuable  series.  Professor  Ste- 
venson, of  the  University  of  Xew  York,  says  there  is  a  vein  of 
bituminous  coal  5  feet  thick,  below  this  one  of  15  feet.  These 
coals  show  in  a  section  reading  as  follows,  in  nearly  horizontal 
veins,  and  extend  to  the  Cumberland  Mountain  in  the  line  be- 
tween Virginia  and  Kentucky,  more  than  8  miles  on  this  sec- 
tion-line, showing  what  a  great  many  square  miles  this  coal-area 
in  Virginia  really  occupies;  the  great  15-foot  vein  being  probably 
No.  III.  Pocahontas,  and  coextensive  with  the  Quinnemont  vein. 
The  section,  as  observed  and  measured  by  the  writer,  reads  as  follows: 

Series  of  Coal  Strata. 

The  first  or  upper  300  feet  not  being  examined  in  detail  as  yet. 

FEET.  INCHES. 

2.  Coal  Bed 4 

3.  Interval, 30 

4.  Splint  Coal  Bed, 1            5 

5.  Interval, 115 

6.  Coal  Bed, 6 

7.  Interval 70 

8.  Coal  Bed, 2 

9.  Interval, 14 

10.  Splint  Coal  Bed, 1 

11.  Inter%al, 90 

12.  Coal  Bed 4 

13.  Interval, 30 

14.  Coal  Bed 10 

1-5.  Inter^'al 65 

16.  Coal  Bed, 7  3 
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FEET.         INCHES. 

17.  Interval, 35 

18.  Splint  Coal  Bed, 3            6 

19.  Interval, 60 

20.  Spliut  Coal  Bed, 1            6 

21.  Interval 120 

22.  Coal  Bed, 

23.  Interval 70 

24.  Coal  Bed, 1            6 

25.  Interval, 28 

26.  Coal  Bed, 15 

29.  Interval, 226 

30.  Coal  Bed, 2 

31.  Interval 50 

32.  Coal  Bed, 2 

33.  Interval, 100 

34.  Coal  Bed, 5 

35.  Interval  to  conglomerate, 70 

Total  of  coal  measures  show         .        .        .    1500 

The  analysis  of  No.  26  in  this  series,  made  by  Mr.  McCreath,  is 
as  follows : 

Water 1.610 

Volatile  matter, 38.850 

Fixed  carbou, 57.879 

Sulphur, 0.771 

Ash, 0.890 

100.000 

An  inspection  of  the  books  of  the  Wythe  furnace,  in  Wythe 
county,  Virginia,  and  of  Cave  Hill  furnace,  in  the  same  county, 
shows  that  ore  about  as  difficult  to  mine  as  Big  Stone  Gap  ore,  and  re- 
quiring washing  (which  the  fossil-ore  of  Big  Stone  Gap  does  not 
require),  costs  from  48  cents  to  68  cents  per  ton  of  ore,  to  mine,  wash, 
and  place  at  the  furnace,  the  owner  of  the  furnace  being  the  owner  of 
the  iron-ore  mines.  Therefore,  if  iron  or  steel-works  at  Big  Stone  Gap 
should  own  tlieir  ore-deposits,  the  average  cost  there  of  producing 
(1)  pig-metal  and  (2)  steel  by  the  Clapp-Griffiths  process,  would  be 
as  follows : 

Placing  the  ore  which  is  mined  in  this  region  and  delivered  at 
Pennington's  Forge  (using  fossil-ores),  for  less  than  $1.00  per  ton, 
at  $1.25  per  ton,  including  cost  of  tlie  short  transportation,  we  would 
have 

2i  tons  of  ore,  at  $1.25  per  ton, $2.81 

2.13  tons  of  coke,  at  $1.00  per  ton, 2.13 

1  ton  of  limestone, .50 

Labor  at  furnace, 1.50 

Repairs,  incidentals,  interest,  etc.,  per  ton, 1.00 

Total  cost  per  ton  of  pig-metal,        ....        $7.94 
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ShouKl  the  (x>st  of  converting  pig-metal  there  into  steel  be  within 
the  limits  claimetl  as  demonstrated  practically  in  the  Clapp-Griffiths 
prcwess,  we  would  add  $4  to  §5  per  ton  to  the  cost  of  pig-metal  to 
obtain  the  ca-^t  of  making  steel.  This  would  show  that  one  of  the 
economical  values  of  Big  Stone  Gap  ore  and  coal-field,  would  be  the 
manufacture  of  steel  at  less  cost  than  $13  per  ton.  Manganese-ere 
could  easily  be  obtained  from  the  extensive  deposits  recently  in- 
spected and  reported  on  by  Mr.  John  Fulton,  of  the  Cambria  Iron 
and  Steel  Co.,  in  Glade  and  Locust  mountains  of  Sraythe  Co.,  Va., 
about  120  miles  distant. 

The  analysis  of  this  bituminous  coal  by  A.  S.  McCreath  is  as  fol- 
lows : 

Water 1.380 

Volatile  matter, 35.920 

Fixed  carbon, 60.591 

Sulphur, 0..')94 

Ash, 1.515 

100.000 

He  says  of  the  coke :  "  It  contains  less  than  3  per  cent,  of  ash,  a 
little  more  than  ,*g^  of  one  per  cent,  of  sulphur,  and  carbon  somewhat 
more  than  96  per  cent." 

This  coal-field  then  extends  5  miles  farther  northwest  to  the  Vir- 
ginia and  Kentucky  State  line,  which  is  the  end  of  the  section-line 
here  treated. 

Discussion. 

John  Fulton,  Johnstown,  Pa. :  The  portion  of  Virginia,  de- 
scribed by  Mr.  Boyd,  is  very  interesting.  It  embraces  a  section  of 
country  of  bold  topography,  its  mountain  ranges  attaining  eleva- 
tions of  2000  to  3600  feet  above  tide. 

These  ranges  abound  with  deposits  of  the  red  and  brown  hematite 
iron  ores.  At  places  these  are  associated  with  valuable  deposits  of 
manganese  ore. 

Some  of  the  hematite  deposits  attain  great  width,  affording  at 
their  outcrops  very  economical  mining — in  fact,  quarrying. 

The  broad  valleys  are  compo.sed  of  No.  II.  limestone — the  exten- 
sion of  the  Shenandoah — very  rich  for  agricultural  purposes,  and 
giving  excellent  limestone  for  fluxing. 

Twenty  or  thirty  miles  northward,  the  great  Appalachian  coal- 
field is  reached,  with  its  thick  beds  of  coking  coal,  affording  a  coke 
similar  to  the  Pocahontas,  and  second  only  to  the  Connellsville. 
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MEXICAN  WEIGHTS  AND  MEASURES. 

BY  RICHARD   E.   CHISM,  M.E.,  SALTILLO,  COAHUILA,    MEXICO. 

•  (Bethlehem  Meeting,  May,  1886.) 

The  metric  system  is  now  in  official  use  in  the  Republic  of 
Mexico,  having  been  adopted  by  the  Government  in  the  year  1862. 
Athough  it  is  used  to  compute  all  customs  and  other  duties  to  be  paid 
to  the  General  Government,  in  the  measurement  of  public  and  private 
lands  and  in  all  freight  and  other  transactions  on  the  railroads,  and  is 
taught  exclusively  in  the  public  schools,  the  system  has  made  but 
slight  head  way  among  the  people,  and  has  not  succeeded  in  displacing 
the  old-time  weights  and  measures,  which  are  still  used  in  ordinary 
commerce.  The  latter  were  founded  on  old  Spanish  models,  but, 
owing  to  the  inexactness  of  the  first  standards  and  to  subsequent 
changes,  differ  at  present  very  widely  from  their  originals.  As  to 
local  modifications,  weights  are  the  same  all  over  the  Republic,  but 
measures  of  the  same  name  differ  greatly  in  capacity  in  different 
States,  and  even  in  neighboring  towns. 

The  value  in  the  metric  system  here  assigned  to  each  denomination 
of  the  old  weights  and  measures  is  that  fixed  by  the  Mexican  Gov- 
ernment at  the  time  of  the  adoption  of  the  metric  system.  The  equiv- 
alents in  American  weights  and  measures  were  calculated  by  me 
from  data  found  in  Traut wine's  Pocket- Book  as  to  the  comparison 
between  the  French  and  American  weights  and  measures,  and  are 
believed  to  be  correct.  I  shall  be  thankful  for  early  notice  of  any 
error  that  may  be  detected,  that  it  may  be  corrected  before  the  final 
publication  of  this  paper  in  the  Transactions. 

Linear  Measures. 
1  legua  (league)  =  5000  varas 

1  vara  (yard)  =  3  pies         .... 
1  pie  (foot)  =  12  pulgadas   .... 

1  pulqada  (inch)  =  12  lineas 

1  linea  (line) 


Kilometers. 

Miles. 

=  4.19 

2.604375 

dieters. 

Feet. 

=  0.83800 

2.749578 

=  0.27933 

0.916526 

Inches. 

=  0.02328 

0.916526 

=  0.00194 

0.076377 

The  vara  is  also  divided  (for  dry-goods-selliug)  into  palmos  or  cuartas  (palms  or 

quarters). 

Meters.  Feet.  Inches. 

1  palmo  or  cmrta         .        .        .        .  =  0.209500  =  0.687394  =  8.248728 
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Superficial  or  Square  Measures. 


1  square  letjua 

1  square  rara 
1  square  pie 


1  s^iuare  palmo 
1  square  piilyada 


Hectares. 

Acres. 

==          IT.w.fil 

4339.4 

Square  >reter9. 

Square  Feet 

=        0.7(>>244 

7.559000 

=        0.078027 

0.839888 

Square  Inches 

=        0.043890 

68.03094 

=        0.000542 

0.81012 

Lan(J  or  Agrarian  Measures. 


Spanish  Names. 


Hacienda 

Sitio     de     ganado 

mayor 

Sitio  de  ganado  nie- 1 

nor 

Fundo   legal    para 

pueblo 

I-abor 

Caballeria  de  tierra 
Fanega  sembradnra 

de  mais 

Solar  para  Caiia,mo-! 
lino,  6venta 


Nearest  English 
Equivalent. 

Plantation 

Cow-rancli 

Sheep-ranch 

Legal  town-site... 

Field 

Knighthold  of  land 

Sowing-ground  for 
1  fanega  of  corn. 

Site  for  a  house, 
mill,  or  inn 


Length 

(varus). 


25,000 

5,000 

3,333J 

1,200 
1,00(1 
1,104 

276 
50 


Breadth 

[varus). 


5,000 

5,000 

3,333J 

1,200 

1,000 

552 

184 
50 


Hectares. 


8778.0500000 

1755.6100000 

780.2711111 

101.1231360 
70.2244000 
42.7953111 

3.5662759 
0.1755610 


Acres. 


21,697.000 

4,339.400 

1,928.133 

244.140 
175.532 
105.751 

8.813 
0.434 


Hydrometric  Measure. 
This  is  used  for  measuring  and  distributing  water  for  irrigation  and  domestic  uses. 

1  buey  (ox)  =  48  surcos. 

1  furco  (furrow)  =    3  naranjas. 

1  tMvauja  (orange)  =    8  reales  or  limones. 

1  real  (bit)  or  Union  (lemon)  =    2  dedos. 

1  dedo  (finger)  =    dpajas  (straws). 

According  to  the  old  Ordinances  of  Lands  and  Waters,  established  in  Spanish  times, 
the  buey  of  water  was  as  much  as  would  flow  through  an  aperture  1  Txira  (0.838m.) 
square,  no  head  or  pressure  being  mentioned.  By  a  law  of  the  Mexican  Republic,  of  Au- 
gust 2d,  1863,  the  snrco  is  made  equal  to  61  liters  per  second  for  rural  measures,  and  the 
paja  is  made  equal  to  0.45  liters  per  minute  for  town  measurements.  This  distiuction 
is  intended  to  make  the  snrco  a  unit  for  irrigation,  while  the  paja  is  made  the  unit 
for  distributing  water  to  houses,  etc.,  in  towns. 


Cubic  Measures. 

Cubic  Meters. 
1  cubic  rara =        0.588480 

1  cubic  pie =        0.ft21795 

1  cubic  palmo =        0.009195 


Cubic  Yards. 
0.769734 

Cubic  Feet. 
0.769484 
0.324634 
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Dj-M  J)fertSM)TS. 

Liters. 

U.  S.  Bushels. 

1  carga  =  2  fanegas 

.       =     181.(529775 

5.154357 

1  fanega  =  12  almndes 

.       =      90.814888 

2.577178 
U.  S.  Pecks. 

1  almud  =  4  cuurtillos  . 

.       =        7.567907 

0.859109 
U.  S.  Pry  Quarts. 

1  cuartillo  (quart) 

.      ==        1.891977 

1.718122 

Oil  Measure. 

Liters. 

U.  S.  Liquid  Quarts 

1  cuartillo     .... 

.      =        0.506162 
Wine  Measure. 

0.534870 

Liters. 

U.  S.  Liquid  Quarts 

1  cuartillo     .        •         .         . 

.       =        0.456264 
Commercial  Weights. 

0.482140 

Kilogrammes. 

Pounds  Avoir. 

1  5^Mii/a?  ^  4  arroSas    . 

.      =      46.024634 

101.444 

1  arroba=^23libras     . 

.       =       11..506159 

25.361 

1  Ziftra  (pound)  =  16  ousas 

.       =        0.460246 

1.01444 

1  oma  (ounce)  =  16  adarmes 
1  adarme  (dram)  ^36  granos 

1  grano  (grain)    . 


Ounces  Avoirdupois. 
0.028765  1.0148 

0.001798  0.06343 


=        0.0000499 


Grains. 
0.77160 


In  commerce  there  is  used  the  following  relation  between  the  kilogramme  and  the 
pound  {libra),  difl'ereut  from  the  i-atio  as  fixed  by  Government,  viz.: 

1  kilogramme     .  .        .         .         .      =        2.1733  pounds  (libras). 

There  is  also  a  weight  called  carga,  used  in  commerce,  in  freighting  and  in  mining  ; 


Kilogrammes. 
1  carga  =  12  arrobas  =  300  pounds     .      =    138.073902 


Pounds  Avoir. 
304.332 


Precious  Metal  Weights. 


1  mnrco  =  8  onzas 
1  onza  =  8  ochavas 
1  ochava  (eighth)  =  6  tomines 

1  tomin  =  12  granos 

1  qraiio  .... 


Kilogramme. 

Ou 

nces  Avoir 

= 

0.230123 

8.1184 

= 

0.028765 

1.0148 

= 

0.003596 

0.12685 
Grains. 

= 

0.000599 

9.25920 

= 

0.0000499 

0.77100 

Tlie  marco  is  the  unit  for  weighing  bullion.  Also  in  speaking  about  the  value  of 
an  ore,  the  Mexicans  say  it  has  so  many  marcos  of  silver  per  carga  instead  of  saying 
ounces  per  ton  ;  and  all  Mexican  assayers  report  marCos  and  un'zas  per  cargn. 

To  reduce  Mexican  onzag  per  carga  to  American  ounces  per  ton,  multiply  by  6.571, 
and  to  convert  American  ounces  per  ton  to  Mexican  onzas  per  carga,  multiply  by 
0,1523. 
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In  some  districts,  notably  Zjicatwas  and  those  districts  settled  from  that  place, 
quotations  of  the  value  of  ores  are  sometimes  colkxiuially  given  in  marcos  per  montoii. 
The  moHton  of  Zacatecas  =  20  quiutah\i  =  2000  jwunds.  In  Guanajuato  the  moutun 
has  3200  jwunds;  in  some  places  it  has  3000  pounds,  and  in  others  only  4  cnrgas  or 
1200  pounds. 


Weight  of  Coins. 


Fineness. 

Value. 

Weight,  grammes. 

Weight,  grains. 

Gold. 

1 
I 

875  gold. 
125  ctipper. 

1000 

$20.00 

10.00 

5.00 

2.50 

1.00 

33.841 

16.9-20 

8.460 

4.230 

1.692 

522.234 

261.117 

130.558 

65.279 

26.112 

Silver. 

9,027 

$1.00 
O.oO 
0.25 
0.10 

27.073 
13.536 

6.768 
2.707 

417.7903 

208.8951 

104.4475 

41.7790 

10,000 

The  tolerance  on  gold  coins  is  2  thousandths  more  or  le.es  than  the 
exact  fineness  and  75  milligrammes  in  weight  on  the  $20  piece,  with 
a  proportionate  allowance  for  the  lesser  coins. 

For  silver  the  tolerance  is  3  thoivsandths  more  or  less  than  the 
exact  fineness,  and  1  gramme  in  weight  on  the  dollar  piece,  with  a 
proportionate  allowance  for  the  lesser  coins. 
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BY  S,    F.    EMMONS,   U.    S.   GEOLOGICAL  SURVEY. 
(Bethlehem  Meeting,  May,  1866.) 

In  a  report  upon  the  geology  of  Leadville  and  vicinity,  which  is 
still  in  the  hands  of  the  Public  Printer,  I  have  given,  at  some  length, 
ray  conclusions  as  to  the  genesis  of  the  remarkable  silver-lead  de- 
posits of  that  region,  and  (he  data,  gathered  during  a  long  and 
careful  consideration,  upon  which  my  views  were  founded.  In  the 
brief  abstract  of  this  report,  published  in  1881,  the  bare  conclusions 
are  given,  with  but  few  of  the  facts  upun  which  they  were  founded. 
Since  that  time,  these  conclusions  have  been  variously  criticized, 
and  it  has  even  been  assumed  that  the  views  I  expressed  with  regard 
to  the.se  deposits  were  intended  as  a  theory  of  ore-deposits  in  gen- 
eral. 
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Had  my  final  report  been  printed,  no  such  misconception  could 
have  occurred  ;  for,  in  that  I  explicitly  disclaim  any  intention  of 
general  application  of  the  theories  there  presented.  Even  in  theab- 
stract  I  am  unable  to  find  any  statements  which  would  justify  such 
a  conclusion. 

Since  my  Leadville  work,  however,  I  have  had  further  opportu- 
nities of  examining  ore-deposits,  and  have  given  the  general  subject 
much  thought  and  study,  and,  as  a  result,  I  have  made  in  my  own 
mind  certain  generalizations,  which,  I  am  conscious,  need  the  test 
of  a  far  greater  number  of  practical  applications  than  I  have  yet 
been  able  to  make,  but  which,  I  think,  it  may  be  well  to  present  to 
the  members  of  the  Institute  as  suggestive,  that  their  own  observa- 
tions may  further  prove  or  disprove  them.  I  shall  use  my  Lead- 
ville observations  and  the  criticisms  which  have  been  made  upon 
them  as  a  sort  of  text  for  my  remarks. 

The  salient  facts,  which  I  thought  to  have  determined  with  regard 
to  the  Leadville  deposits,  which,  as  is  well  known,  are  silver-lead 
deposits  in  a  dolomitic  limestone,  overlain  and  in  part  also  traversed 
by  various  bodies  of  porphyry,  are  the  following : 

1st.  That  they  were  deposited  from  aqueous  solutions. 

2tl.  That  they  were  originally  deposited  as  sulphides,  at  a  great 
depth  below  the  rock-surface  (probably  10,000  feet) ;  that,  by  sub- 
sequent dynamic  movements  and  by  erosion,  they  have  been  brought 
to  their  present  position  near  the  surface,  and  that,  through  second- 
ary alteration  by  surface-waters,  they  have  been  changed  to  oxides, 
carbonates  and  chlorides. 

3d.  That  the  process  of  deposition  was  a  metasomatic  interchange 
between  the  minerals  brought  in  in  solution  and  the  limestone — that 
is,  that  they  were  not  deposited  in  already-existing  open  cavities, 
but  gradually  replaced  the  limestone,  from  the  channels  through 
which  they  reached  it  outwards. 

4th.  That  the  solutions  or  ore-currents  reached  the  present  locus 
of  the  deposits  directly  from  above  and  not  from  below. 

5th.  That,  whatever  may  have  been  the  ultimate  source  from 
which  the  mineral  components  of  the  deposits  came,  the  observed 
facts  point  to  the  neighboring  eruptive  rocks  as  the  immediate  source 
from  which  they  were  derived  by  the  ore-bearing  solutions  which 
deposited  them  in  their  present  locus. 

I  will  take  up  these  propositions  in  the  above  order,  and,  after 
discussing  the  criticisms  which  have  been  made  upon  them,  see  how 
far  they  may  be  applicable  to  other  deposits  than  those  of  Leadville. 
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1.  That  the  vast  majority  of  ore-deposits  have  been  deposited 
from  solutions,  seems  to  be  now  so  generally  admitted  as  to  require 
no  further  discussion  here.  This  view  is  held  by  most  all  Ameri- 
can, English  and  German  geologists,  while  the  French  may  be  con- 
sidered to  be  those  who  still  cling  to  the  sublimation-theory  in  the 
modified  form  which  is  based  on  the  remarkable  synthetic  experi- 
ments of  Senarmont,  Daubree,  and  others.  But,  as  one  of  their  num- 
ber admits,*  this  is  i>ractically  only  a  variety  of  the  solution- theory, 
which  assumes  that  pressure  and  heat,  sufficient  to  vaporize  water,  are 
necessary  to  bring  about  a  solution  of  the  metallic  minerals.  That 
raanv  deposits  have  been  formed  under  conditions  of  great  heat  and 
pressure  is  most  probable  ;  that  heat  and  pressure  greatly  increase  the 
solvent  power  of  percolating  waters  is  evident;  but  that  heat  and 
pressure  are  an  absolutely  essential  condition  of  mineral  solution  can- 
not be  maintained  ;  since  we  see  in  nature  many  instances  of  mineral 
solution  and  deposition  under  ordinary  pressure  and  by  compara- 
tively cold  waters. 

2.  That  the  Leadville  ores  were  originally  deposited  in  the  form 
cf  sulphides,  and  that,  therefore,  they  would  be  found  in  that  con- 
dition, when  ex])lorations  should  have  been  pushed  in  depth  beyond 
the  oxidizing  action  of  surface-waters,  was  assumed  by  indirect  rea- 
soning at  the  time  my  abstract  was  written,  since  at  that  time  no  sul- 
phide deposits  had  been  found  on  the  so-called  "contact  "in  the  re- 
gion. Explorations  made  since  that  time  have  abundantly  proved  the 
correctness  of  the  assumption.  An  interesting  description  of  some  of 
the  more  important  sulphide  bodies,  and  of  a  previously  undiscovered 
fault  was  read  at  the  Chattanooga  meeting  by  Mr.  F.  T.  Freeland 
[Transactions,  xiv.,  181). 

That  metallic  deposits,  with  the  single  exception  of  tin-ores,  pass 
into  sulphides  or  some  allied  combination  in  depth  has  been  so  gen- 
erally observed,  that  it  has  almost  come  to  be  an  axiom  in  vein- 
geology  that  original  deposition  must  have  been  in  this  form.  Some 
supposed  exceptions  have  been  observed  ;  but  the  distinction  between 
an  original  and  a  secondary  deposit  is  often  so  delicate  that  it  re- 
quires a  most  thorough  and  searching  examination  to  determine  the 
point  satisfactorily.  The  determination  beyond  the  shadow  of  a 
doubt  of  an  original  deposit  of  these  metals  in  an  oxidized  form 
would  he  of  the  utmost  interest  to  science. 

3.  That  the  process  of  ore  deposition  at  Leadville  was  a  metaso- 

*  A.  De  Lapparent,  Traiti  de  Giologie,  p.  1170,  Paris,  1883. 
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raatic*  intercliange  between  the  material  of  the  country  rock  and 
the  minerals  brought  in  in  solution  by  the  ore-currents,  is  a  point 
upon  which  I  particularly  desired  to  insist,  because  it  is  either  tac- 
itly or  explicitly  assumed  by  most  text-books  that  all  ore-deposits 
in  limestones  are  the  filling  of  pre-existing  cavities.  This  assump- 
tion, like  the  one  that  fissure-veins  were  once  open  cavities  reaching 
to  an  indefinite  depth,  is,  it  seems  to  me,  the  result  of  generaliza- 
tions upon  too  few  facts.  The  facts  that  support  it  (the  arrange- 
ment of  the  ore  in  layers  parallel  to  the  walls  of  the  body,  etc.)  are 
so  striking  in  the  few  cases  where  they  have  been  observed,  that 
they  have  received  universal  mention,  while  the  far  more  numerous 
cases,  where  no  such  evidence  of  pre-existing  cavity  is  found,  have 
remained  in  most  instances  without  comment,  as  regards  this  ques- 
tion. 

Professor  Le  Contef  quotes  me  as  saying  that  the  ore  at  Lead- 
ville  was  ''accumulated  in  hollowed-out  channels  in  the  limestone," 
evidently  assuming  thisasso  much  of  a  foregone  conclusion  that  he  had 
not  thought  it  necessary  to  read  my  statement  of  the  diametrically 
opposite  conclusion  at  which  I  had  arrived.  Now,  I  not  only  dis- 
tinctly stated  that  I  believed  the  ores  were  not  deposited  in  already 
hollowed-out  channels  or  pre-existing  cavities,  but  I  mentioned  that 
the  caves,  which  are  so  characteristic  of  limestone  formations,  were 
at  Leadville  formed  after  the  deposition  of  the  ore.  I  laid  stress 
upon  the  relation  of  these  caves  to  those  bodies,  not  because  it  was 
the  only  or  even  the  main  proof  of  the  statement  I  made,  but  be- 
cause I  thought  it  would  appeal  to  those  who  consider  all  limestone 
deposits  as  filling  cavities  hollowed-out  by  surface  waters.  The  most 
convincing  proof  of  the  statement  to  my  own  mind  is,  that,  in  a 
prolonged  study  of  the  various  deposits,  I  found  no  single  fact  to 
furnish  any  evidence  that  the  ore  was  deposited  in  an  open  cavity ; 
and  I  hold  that,  in  such  a  case,  the  burden  of  proof  lies  on  the  side 
of  those  who  uphold  the  open-cavity  theory.  There  is,  however,  a 
consideration  which  can  be  briefly  stated  and  which  affords  conclu- 
sive evidence,  if  no  other  were  present:  namely,  that  the  deposits 
were  originally  formed  at  a  depth  of  about  10,000  feet  below  the 
surface  and   before  the  strata  were  disturbed,  and   that,  therefore, 


*  By  raetasomatic  interchange,  I  understand  an  interchange  of  substances,  bnt  not 
necessarily  molecule  by  molecule  in  such  a  manner  as  to  preserve  the  original 
structure,  form  or  volume  of  the  substance  replaced. 

f  jimerocon  Journal  of  Science,  July,  1883,  p.  18. 
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surface-waters  could  not  have  reached  their  locus  to  hollow  out  such 
cavities. 

I  find  it  difficult  to  understand  Professor  Newberry's  criticisms 
of  my  views  on  this  ]>oint.  In  the  first  place,  he  makes  what  seems 
to  me  a  totally  unwarranted  assumption,  that  I  consider  that  the 
Leadville  deposits  were  formed  by  surface-waters.  Then,  in  present- 
iog  his  own  views  on  the  formation  of  the  Leadville  deposits  he 
says,  "  they  were  deposited  by  substitution,"*  and  afterwards  re- 
marks that  the  fact  that  caves  in  the  limestone  cut  across  the  ore- 
bodies  "  has  no  bearing  on  the  question." 

In  a  former  article,  "On  the  Origin  and  Classification  of  Ore- 
deposits,"!  his  meaning  is  less  ambiguous,  and  I  shall  take  this 
opportunity  of  criticizing  him  in  turn.  One  of  the  divisions  of  ore- 
deposits  there  given  by  him  is  "chambers  or  pockets  in  limestone,"! 
of  which  he  says:  "  From  a  study  of  them  I  have  been  led  to  add 
them  to  the  catalogue  of  forms  of  ore-deposits,  as  a  distinct  and 
important  addition  to  those  given  by  other  writers."  As  examples, 
he  quotes  the  Eureka,  Richmond,  Emma,  Flagstaff,  Kessler,  and 
Cave  mines,  and  (with  the  modification  of  their  contact-character) 
the  Leadville  ore-bodies,  of  which  he  says  they  were  "  undoubt- 
edly accumulated  in  vacant  spaces  formed  by  the  solution  of  the 
limestone."  The  formation  of  the  chambers  in  which  he  considers 
these  deposits  were  formed,  he  compares  to  that  of  the  Mammoth 
Cave,  saying,  "  We  must  conclude  that  the  chambers  were  formed, 
like  modern  caves,  by  surface-water."  He  then  makes  the  fol- 
lowing deductions  as  to  the  probable  extent  of  such  deposits : 
"They  will  not  be  found  to  extend  to  so  great  depth  as  the  ore- 
bodies  of  fissure-veins,  since  the  excavation  of  the  limestone,  if 
produced  by  atmospheric  water,  must  be  confined  to  the  zone 
traversed  by  surface-drainage."  He  does  not  explicitly  state  what 
he  considers  to  be  the  distinctive  character  of  his  important  ad- 
dition to  the  classification  of  ore-deposits,  the  want  of  informa- 
tion in  regard  to  the  true  nature  of  which,  he  says,  "  has  led 
to  much  litigation  and  heavy  losses  in  mining."  He  surely  cannot 
mean  the  irregular  form  of  deposits  in  limestone,  for  this  has  been 
recognized  from  the  very  earliest  days  of  mining,  and  has  formed 
an  important  element  in  the  classification  of  most  writers  on  ore- 

*  "The  Deposition  of  Ores."   School  of  Mines  Quarterly,  May,  1884,  p.  15,  e<  seq. 
t  Schfjfil  of  Mines  Quarterly,  ^[arch,  1880. 

X  This  division  has  been  literally  adopted  by  J.  Arthur  Phillips,  in  his  Treatise 
on  Ore-deposits. 
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deposits.*  It  would  seem,  therefore,  that  tliis  distinctive  character 
must  consist  in  their  having  been  hollowed  out  originally  by  sur- 
face-waters. 

Surface-waters,  as  I  understand  the  common  use  of  the  term, 
means  those  waters  which  have  so  recently  left  the  surface  as  to  still 
retain  constituents  common  to  waters  now  found  at  or  near  the 
surface  (free  carbonic  and  organic  acids,  chlorides,  etc.),  and  which 
exert  an  oxidizing  action  ;  and  from  the  above  quotations  this  would 
seem  to  be  his  interpretation  of  the  term  also.  Moreover,  to  dis- 
solve out  caves  like  the  modern  caves  there  should  be  a  compara- 
tively free  flow  of  water  and  ready  drainage  to  carry  off  the  dissolved- 
out  material,  which  could  only  be  found  at  comparatively  shallow 
depths.  The  waters  which  percolate  through  rocks,  even  at  the 
greatest  known  depths,  may  in  one  sense  be  considered  surface- 
waters;  but  at  a  certain  depth  below  the  surface  these  waters  will 
have  lost  their  free  carbonic  and  organic  acids  and  have  become,  so  to 
speak,  saturated  and  only  able  to  dissolve  out  by  actual  interchange 
of  their  constituents  with  those  of  the  rock  through  which  they 
pass ;  in  other  words,  no  longer  capable  of  leaving  open  caves.  What 
this  depth  is,  I  am  not  yet  prepared  to  say.  It  would  differ  greatly 
under  varying  local  conditions.  It  would  probably  correspond 
with  what  is  known  as  the  "  water-level "  in  Western  mines,  which 
is  not  generally  below  a  thousand  feet. 

Now  Professor  Newberry's  theory,  or  the  one  he  here  adopts,  for 
it  can  hardly  be  considered  original  with  him,  involves  a  sort  of 
see-saw  movement  for  the  rocks  enclosing  each  deposit,  which,  though 
not  impossible,  seems  from  a  geological  stand-point  highly  improb- 
able. He  admits,  with  other  geologists,  that  the  original  deposits 
were  in  the  form  of  sulphides,  and  that  the  oxidized  condition,  in 
which  the  ores  he  speaks  of  are  now  found,  is  due  to  the  action  of 
surface-waters ;  hence,  as  originally  deposited,  they  must  have  been 
below  the  reach  of  surface-waters.  But  the  cavities  in  which  they 
were  deposited  were  formed  by  surface-waters;  hence,  the  rocks 
enclosing  the  ore-deposits  must  have  been  once  so  near  the  surface 
as  to  have  been  hollowed  out  by  these  waters;  then  have  been 
depressed  beyond  their  reach,  so  that  the  ore-bearing  solutions  which 
deposited  their  contents  in  the  caves  were  protected  from  oxidizing 
action,  and  then  again  raised  to  their  present  position,  where  the 
surface-waters  have  changed  their  sulphides  to  oxides,  and  hollowed 

*  A  criticism  of  this  claim  of  novelty  may  be  found  in  the  Eng.  and  Min,  Jour- 
nal, XXX.,  1,  for  July  3,  1880. 
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out  a  new  set  of  caves.  When  I  say  raised  and  depressed,  I  mean 
not  necessarily  actual  but  only  relative  movement,  as  referred  to  the 
surface  of  the  earth  ;  this  surface  might  itself  have  been  raised  by 
the  accumulation  of  deposits  over  the  rocks,  and  these  accumulations 
agtiin  removed  by  erosion,  so  that  the  result  would  be  accomplished 
without  actual  movement  of  the  enclosing  rock. 

In  such  an  assumption,  I  hold,  that  one  is  not  justified,  unless  he 
can  find  some  evidence  of  it  in  the  geology  of  the  region  involved. 
In  Leadville  there  is  none.  The  rocks  enclosing  the  ore-deposits  were 
never  so  near  tlie  surface  as  they  are  now,  and  dynamic  action  and 
erosion  have  gradually  raised  them  from  the  depth  of  about  10,000 
feet,  at  which  the  original  sulphide  deposits  were  formed.  The  same 
is  true  in  a  general  way  of  the  other  examples  quoted  by  Professor 
Newberry — the  original  deposits  were  deep  seated,  and,  though  the 
geology  of  the  districts  has  not  yet,  in  all  cases,  been  studied  in 
sufficient  detail  to  afford  as  good  estimates  as  to  the  depth  of  the 
original  deposition  as  at  Leadville,  there  is  no  evidence  of  any  such 
relative  oscillations  as  his  theory  would  involve. 

The  practical  application  made  by  Dr.  Newberry,  though  a  logical 
deduction  from  his  theory,  viz.,  that  deposits  in  limestone  must  be 
limited  in  depth  to  the  zone  traversed  by  surface-drainage,  and 
therefore  of  less  value  than  fissure-veins,  illustrates  the  danger  of 
a  priori  reasoning  in  geology,  since  it  not  only  leads  to  geological 
improbabilities,  but  gives  the  influence  of  his  name  to  a  dangerous 
popular  fallacy  already  too  current  among  miners.  I  have  shown 
in  my  Leadville  work  not  only  that  the  geological  conditions  there 
are  such  as  to  preclude  the  possibility  of  the  formation  of  caves  by 
surface-waters  prior  to  the  original  ore-deposition,  but  that,  in  extent 
and  in  the  quantity  of  ore  contained  in  it,  the  Blue  limestone,  which 
may  in  one  sense  be  regarded  as  a  sort  of  horizontal  vein,  exceeds 
any  known  fissure-vein,  not  even  excepting  the  famous  Comstock 
lode.  At  Eureka,  which  is  Professor  Newberry's  typical  example, 
the  exhaustive  studies  of  Mr.  J.  S.  Curtis,  who  came  to  the  work  with 
a  priori  views  similar  to  those  entertained  by  Professor  Newberry, 
have  shown  not  only  that  the  ores  were  not  originally  deposited  in  open 
caves,  but  that  caves  formed  by  surface-waters  become  less  frequent 
in  depth,  and  have  nearly  disappeared  at  1000  feet  from  the  surface. 
As  the  workings  in  this  district  are  being  rapidly  deepened,  a  prac- 
tical illustration  of  the  depth  at  which  cave-forraation,  by  surface- 
waters  is  still  possible  will  soon  be  furnished.  It  will  also  be  seen 
whether  ore-deposition   in  this  region  stops  at  the  limits  of  cave- 
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formation.  Even  should  it  be  found  to  do  so,  however,  it  would 
merely  show  a  local  coincidence,  and  not  a  logical  consequence. 

The  possible  application  of  the  theory  of  the  formation  of  ore- 
deposits  by  replacement  or  substitution  is  almost  unlimited,  and  the 
limits  of  its  actually  demonstrated  application  are  being  every  day 
extended,  not  only  by  studies  of  new  districts,  but  by  more  careful 
and  unbiassed  studies  of  old  districts  in  which  a  different  method  of 
formation  had  previously  been  determined  upon. 

The  process  is  most  readily  conceivable  in  the  case  of  easily  soluble 
rocks,  like  limestone  and  dolomite;  and,  in  point  of  fact,  it  is  found 
that  these  rocks  are  the  favorite  receptacle  of  metallic  deposits  in 
mining  regions  where  the  ores  occur  in  tiie  later  stratified  rocks, 
among  which  calcareous  beds  are  abundant.  It  is  also  possible  that 
in  the  older  and  more  crystalline  rocks,  where  the  calcareous  beds 
are  of  limited  extent,  metallic  deposits  occurring  in  large  masses, 
like  those  of  iron,  may  have  so  completely  replaced  the  calca- 
reous material  that  little  or  no  trace  of  it  remains.  The  old  theory 
that  iron  ores  in  the  crystalline  rocks  are  of  eruptive  origin  is  gener- 
ally abandoned  at  the  present  day.  The  few  geologists  who  still 
maintain  this  origin  for  individual  deposits  are  doubtless  influenced 
in  their  opinion  by  respect  for  views  formerly  advanced;  while 
among  those  who  come  to  the  study  with  a  mind  free  from  precon- 
ceived ideas,  and  who  push  their  examinations  with  sufficient  tho- 
roughness and  detail,  I  have  known  of  none  of  late  years  who  have 
adopted  the  eruptive  theory.  The  most  striking  instance  that  has 
come  to  my  notice  is  that  of  the  famous  specular  iron  ores  of  the 
Island  of  Elba,  which,  when  I  was  a  student,  were  held  as  the  most 
typical  example  of  eruptive  or  sublimation-deposits.  These  de- 
posits were  visited  by  the  most  prominent  geologists  of  Europe; 
})ut,  among  them,  Vom  Rath,  in  1870,  was  the  first  to  doubt  the 
eruptive  origin  of  the  ores,  which  he  showed  in  certain  portions  was 
impossible.  The  island  has  been  systematically  studied  and  mapped 
by  the  Geological  Survey  of  Italy ;  and  B.  Lotti,  the  geologist  in 
charge  of  this  work,  after  a  careful  study  of  all  the  evidences  and 
of  the  views  held  by  those  who  have  gone  before  him,  but  whose 
observations  were  necessarily  less  complete  and  exact  than  his  own, 
decides  that  they  must  have  been  formed  by  replacement.  The  fol- 
lowing is  a  literal  translation  of  his  conclusions  : 

"  We  may  therefore  reasonably  conclude  that  the  iron  deposits  of 
Elba  and  their  analogues,  both  of  iron  and  of  other  metals,  on  the 
neighboring  continent  (excepting  those  connected  with   the  serpen- 
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tines)  are  formed  by  aqueous  solutions  of  the  metals,  which  found  an 
easier  passage  for  their  subterranean  circulation,  and  perhaps  also  for 
reacliing  the  surface,  between  rock-mas!^es  of  different  nature,  and 
deposited  the  metallic  minerals  which  they  held  in  solution  when 
they  met  favorable  conditions;  that  is,  either  in  proximity  to  the 
surface  or  in  coutiictwith  calcareous  rocks  with  which  an  interchange 
of  materials  took  place,  and  this  in  conformity  with  the  law  that  the 
more  easily  soluble  minerals  are  replaced  by  those  that  are  less 
soluble.  If  the  waters  contained,  besides  the  bicarbonate  of  iron, 
sulpiiydric  acid  also,  there  resulted  a  precipitate  of  sulphide  of 
iron."* 

As  a  reaction  against  the  eruptive  theory,  it  has  been  recently 
heldf  that  all  deposits  of  iron  of  whatever  age  have  been  formed, 
like  the  bog-ores.now  forming,  by  surface-precipitation,  and  that  they 
were  therefore  actual  sedimentary  beds  originally,  but  in  many  cases. 
have  been  altered  by  later  metamorphism.  This  going  to  the  other 
extreme  is,  it  seems  to  me,  as  dangerous  as  the  former  a  priori  rea- 
soning; and,  as  I  read  the  descriptions  of  many  of  our  iron  deposits, 
such  a  contemporaneous  sedimentary  origin  for  them  would  be 
impossible. 

The  theory  of  the  formation  of  ore-deposits  by  replacement,  as 
opposed  to  that  by  the  filling  of  pre-existing  cavities,  may,  however, 
l>e  applied  to  deposits  in  rocks  which  are  not  so  readily  soluble  as 
limestone,  in  which  cases  the  percolating  solutions  would  have  first 
attacked  the  relatively  more  soluble  among  their  constituents.  Very 
many  so-called  fissure-veins  in  crystalline  rocks  are  formed  by  perco- 
lating water,  circulating  along  joints,  shrinkage-cracks,  fault-planes, 
or  zones  of  crushed  rock,  which  have  filled  the  interstitial  spaces  and 
replaced  the  materials  of  the  adjoining  country-rocks  to  a  greater  or 
less  extent  by  the  materials  they  held  in  solution,  but  are  not  the 
filling  of  any  considerable  open  cavities. 

The  comb-structure  of  veins,  on  which  the  early  geologists  founded 
their  theory  that  a  vein  was  necessarily  the  filling  of  a  pre-existing 
open  cavity,  is  of  comparatively  rare  occurrence.  As  early  as  1869 
Mr.  Richard  Pearce  observed  in  the  classic  veins  of  Cornwall  that 
the  gangue-material,  instead  of  being  a  foreign  material  brought 
from  a  distance,  was  the  more  or  less  completely  altered  country- 
rock,  and  his  views  have  been  confirmed  and  further  illustrated  by 

*  Deserizlone  Geologica  delC  hola  d'  Elba,  di  B.  Lotti.    Roma,  1886,  p.  232 
t  '"The  Genesis  of  the  Ores  of  Iron,"  by  J.  S.  Newberry,  School  of  Mines  Quar- 
terly, November,  1880. 
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the  investigations  of  Mr.  C.  Le  Neve  Foster,  his  successor  in  that 
district.  The  evidence  obtained  by  my  own  observations,  together 
with  thedata  gathered  during  the  investigation  of  the  precious-metal 
deposits  of  the  Rocky  Mountains  under  the  Tenth  Census,  lead  me 
to  conclude  that  the  majority  of  the  deposits  there  are  such  replace- 
ment-deposits; and  I  have  not  yet  seen  satisfactory  evidence  of  a 
deposit  which  consists  essentially  of  the  filling  of  any  considerable 
pre-existing  cavity  by  foreign  material.  Cracks  or  fissures  must 
undoubtedly  have  existed,  which  determined  the  concentration  of 
mineral  solution  along  their  course;  but  whether  such  cracks  were 
to  any  great  extent  fault-planes,  whose  movement  might  have  left 
large  open  spaces  between  the  irregularities  of  their  walls,  seems 
questionable.  TheComstock  vein  occupies  a  fault-plane,  and  its  ore 
fills  the  interstitial  spaces  in  the  crushed  material  between  the  walls, 
but  there  was  no  filling  of  a  pre-existing  open  cavity,  as  I  under- 
stand it.  In  Leadville  one  of  the  most  noticeable  facts  is  that  the 
fault-planes,  which  may  be  supposed  to  reach  to  great  depths,  have 
been  found  barren  of  ore  except  by  secondary  infiltration  from 
surface-waters,  or  as  attrition-material  from  pre-existing  deposits, 
when  the  fault-line  cut  across  such  deposits. 

In  this  connection  I  would  remark  that  it  seems  to  me  that  the 
idea  that  a  fissure-vein  necessarily  extends  to  an  indefinite  depth  is 
another  popular  error,  and  not  founded  on  good  geological  reasoning. 
Whatever  the  nature  of  the  fissure  along  which  the  deposit  has  taken 
place,  whether  fault-plane,  joint,  or  shrinkage-crack,  there  must  be 
some  mutual  relation  between  its  horizontal  and  its  vertical  dimen- 
sions. In  other  words,  the  study  of  structural  geology  shows  that 
the  length  of  such  a  fissure  or  crack  must  bear  some  proportional 
relation  to  its  extent  in  depth,  and  the  probability  is  that  the  latter 
must  be  less  than  the  former.  Now  veins  can  generally  be  traced 
continuously  for  an  extremely  limited  distance;  the  Comstock,  which 
is  probably  one  of  the  longest  known,  is  traced  only  about  20,000 
feet,  and  those  which  exceed  1000  or  2000  feet  are  comparatively 
rare.  As  yet  there  are  not  sufficient  data  for  establishing  any  numer- 
ical ratio  between  the  depth  and  the  length  of  mineral  veins  ;  I  would 
suggest  to  my  fellow-engineers  that  they  make  notes  on  this  relation, 
whenever  opportunities  present  themselves.  It  may  be  said  that 
this  is  not  likely  to  have  much  practical  value,  since  the  doj)th  from 
which  the  ore  may  be  profitably  extracted  is  likely  to  be  much  less 
than  that  of  the  deduced  depth  of  the  fissure.  The  question  has  a 
bearing,  however,  upon  that  of  the  source  from  which  the  ore  was 
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derived  ;  and  any  fact  that  contributes  to  a  more  accurate  knowledge 
of  tlie  origin  and  manner  of  foruiation  of  ore-deposits,  has  practical 
value,  since  it  enables  tiie  mining  engineer  to  make  a  more  accurate 
forecast  of  the  probable  form  and  extent  of  any  individual  deposit 
beyond  the  limits  of  exploration. 

4.  In  regard  to  the  direction  from  which  the  ore-bearing  solu- 
tions reach  the  locus  of  the  deposits,  the  brief  statement  made  in  my 
abstract  that  "  they  came  from  above,"  should  perhaps  have  been 
accompanied  by  some  qualifying  explanation.  In  making  the  state- 
ment, I  had  in  mind  the  common  explanation  offered  in  regard  to 
ore-deposits  that  "  they  came  from  below,"  a  statement  which  is 
more  readily  made  by  those  who  have  not  examined  the  deposits  of 
which  they  speak  or  write,  than  by  those  who  have,  since  they  are 
not  under  the  necessity  of  explaining  observed  facts  in  accordance 
with  this  hypothesis.  The  prevalence  of  this  theoretical  method  of 
explaining  the  formation  of  any  ore-deposits  is  due  probably  to  the 
great  plausibility  of  the  theory  generally  advanced  for  the  formation 
of  fissure-veins — namely,  that  the  metallic  contents  of  the  solutions 
were  taken  up  by  waters  under  conditions  of  great  heat  and  pressure 
(therefore,  probably  at  great  depths),  and  that,  as  their  solutions 
approached  the  surface,  with  consequent  decrease  of  heat  and  pressure, 
the  solvent  power  of  the  water  decreased  also,  and  their  metallic  con- 
tents were  gradually  deposited  all  along  the  walls  of  the  channel 
through  which  they  were  ascending.  No  exception  can  be  taken  to  this 
theory,  as  a  theory ;  but  before  accepting  it  as  of  universal  applica- 
tion, it  is  important  to  see  whether  it  accords  with  observed  facts ; 
and,  as  Leadville  presented  a  case  wiiere  it  unquestionably  did  not 
so  accord,  I  made  the  statement  as  concise  and  as  strong  as  possible, 
to  counteract  the  effect  of  the  "coming-from-below"  explanation 
which  would  undoubtedly  be  offered. 

Such  a  one  is  that  made  by  J.  Alden  Smith,*  which  has  also  been 
quoted  by  J.  Arthur  Phillips  in  his  Treatise  on  Ore-Deposits,  "that 
the  ore-deposits  of  this  district  came  from  below  through  fissures 
originating  in  the  granitic  rocks,  and  extending  upwards  penetrated 
the  limestones  and  quartzites  to  the  contact  with  the  overlying  por- 
phyry ;  that  these  fissures  lead  to  many  bedded  veins  in  the  limestone 
and  quartzite,  and  to  contact  veins  of  more  or  less  value  between  the 
formations  last  mentioned,  and  between  those  and  the  granitic  forma- 
tion ;  and  that  these  fissures  and  deposits  will  be  extensively  and  profit- 

*  Report  on  the  Resources  of  Colorado.     Denver,  1883,  p.  64. 
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ably  worked  for  centuries  after  the  contact-deposits  now  operated  are 
exhausted." 

A  statement  like  the  above,  coining  from  one  whose  views  would 
be  accepted  as  of  scientific  value,  might  cause  ranch  useless  expendi- 
ture of  money  in  prospecting  before  it  was  discovered  that  the  essen- 
tial facts,  upon  which  it  would  appear  to  be  founded,  existed  only  in 
the  imagination  of  the  writer.  In  Leadville,  no  ore-bearing  fissures 
extending  downward  from  the  deposits,  have  yet  been  found.  The 
facts  observed  during  my  examination,  and  by  those  who  have 
studied  the  region  since,  show  that  the  solutions  must  have  pene- 
trated the  limestone  from  its  contact  with  the  porphyry  which  is 
generally  its  upper  surface,  and,  therefore,  downwards.  An  appa- 
rent exception  to  this  state  of  things  is  found,  as  pointed  out  by  Mr. 
Charles  M.  Rolker,*  on  Fryer  Hill,  where,  according  to  him,  unre- 
placed  dolomite  sand  forms  theroof  of  the  deposits  over  large  areas, 
and  is  not  found  under  it.  I  am  ready  to  admit,  for  the  sake  of 
argument,  the  truth  of  this  statement  for  the  upper  part  of  the  Blue 
Limestone  or  ore-horizon,  which  is  included  in,  or  both  overlain  and 
underlain  by,  porphyry.  The  lower  sheet. of  Blue  Limestone,  how- 
ever, which  has  porphyry  on  its  upper  surface  alone,  is,  as  far  as  ob- 
served, replaced  only  on  that  upper  surface.  The  exception  is,  how- 
ever, in  this  case  only  apparent,  and  does  not  militate  against  my 
supposition.  According  to  this,  the  intrusion  of  the  porphyry-bodies 
opened  channels  along,  and  in  some  cases  across,  the  sedimentary 
beds  ;  moreover,  observation  shows  that  these  porphyry-bodies  ad- 
mit the  percolation  of  water  freely  in  every  direction  through  their 
mass,  whereas  the  limestones  are  comparatively  impermeable  except 
along  joint-  or  fracture- planes.  Thus,  the  contact  between  porphyry 
and  limestone  would,  everywhere,  be  a  principal  water-channel ; 
and  this,  in  the  greater  part  of  the  region,  is  at  the  lower  surface  of 
the  former  and  the  upper  surface  of  the  latter;  but  where,  as  on 
Fryer  Hill,  the  limestone  is  inclosed  in  porphyry,  it  might  be  at- 
tacked from  either  surface.  I  can  offer  no  direct  reason  for  the 
irregular  way  in  which  comparatively  unaltered  remnants  of  dolo- 
mite are  left  on  Fryer  Hill ;  but  it  seems  no  more  abnormal  than 
the  irregular  distribution  of  the  rich  ore  within  the  mass  of  vein- 
material,  or  the  fact  that,  in  some  places,  there  is  no  ore  at  all  at 
the  contact.  1  cannot  quite  agree,  however,  with  Mr.  Rolker's 
opinion  as  to  the  persistence  of  the  dolomite  sand  in  the  roof  of  the 

*  "  Notes  on  the  Leadville  Ore-Deposits,"  Transactions,  xv.,  273. 
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ore-b<xly.  His  observations  in  the  Chrysolite  ground  would  natu- 
rally have  been  more  thorough  than  mine;  but,  if  my  memory  does 
not  deceive  me,  unreplactnl  dolomite  occurs  there  under,  as  well  as 
over,  the  ore-body,  as  it  certainly  does  in  the  Little  Chief,  Virginius, 
and  other  claims.  It  is  to  be  remarked  further  that, as  the  rich  ore- 
bodies  are  found  mostly  in  the  upper  part  of  the  ore-horizon,  the 
upper  surface  has  been  far  more  thoroughly  explored  than  the  lower, 
and  much  unreplaced  limestone  may  exist  at  this  lower  surface  which 
has  not  yet  been  found. 

It  is  hardly  possible  to  establish  a  priori  any  general  direction 
for  the  flow  of  underground  waters  at  considerable  depths  below  the 
earth's  surface.  In  the  distinctly  stratified  rocks,  which  form  the 
immediate  surface,  and  in  which  they  may  flow  with  comparative 
freedom,  they  obey,  within  certain  limits,  the  laws  of  hydrostatic 
pressure ;  but,  at  the  great  depths  at  which  the  Leadville  deposits 
were  formed,  their  flow  must  have  been  very  slow, — a  percolation  or 
mere  capillary  circulation,  for  the  most  part.  It  may  be  assumed 
in  general,  that  cold  waters  would  have  a  general  downward  ten- 
dency under  the  influence  of  gravity,  while  superheated  waters  would 
under  certain  conditions  be  forced  upwards ;  but  the  movement 
would  not  necessarily  be  vertical  in  either  direction  at  any  given 
point.  In  the  present  state  of  geological  science,  it  is  not  possible 
to  predicate  for  any  given  point  within  the  earth's  crust  that  the 
flow  of  underground  waters  must  be  either  upwards,  downwards  or 
sideways.  There  is  an  a  priori  possibility  of  either  direction;  and 
the  most  probable  one  in  any  particular  region  must  be  determined 
by  an  actual  study  of  the  geological  conditions  at  that  point.  For 
this  reason,  it  seems  to  me,  the  student  of  ore-deposits  should 
divest  himself  as  soon  as  possible  of  any  preconceived  bias  in  favor 
of  the  old  schools  of  ascension ists,  descensionists,  or  lateral  secretion- 
ists,  as  the  true  theory,  when  arrived  at  by  actual  investigation,  will 
probably  not  correspond  exactly  to  the  theoretical  views  of  either 
school,  and  the  time  given  to  arguments  in  favor  of  the  exclusive 
correctness  of  one  over  the  other  is  more  or  less  wasted. 

In  his  admirably  written  paper  on  the  "  Genesis  of  Metalliferous 
Veins,"*  Professor  Joseph  Le  Conte,  after  combating  the  lateral- 
secretion  views  of  Dr.  F.  Sandberger,  says  that  the  latter's  idea  of 
the  ascensionists'  theory  is  a  misconception,  adding  :  "  Novv,  I  am 
sure  that  no  one,  in  this  country  at  least,  holds  to  any  such  view. 

*  Amer.  Jour.  Sei.,  vol.  xxvi.,  July,  1883. 
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All  speculators  on  this  subject,  I  think,  now  hold  that  the  mineral 
contents  of  veins  are  wholly  derived  by  leaching  from  the  rocks 
forming  the  fissure-walls.  The  ascension  theory  (if  we  use  that 
name  at  all)  as  properly  understood,  i.e.,  the  theory  which  connects 
vein-formation  with  solfataric  action,  is  wholly  a  levigation  theory. 
According  to  this  theory,  as  I  understand  it,  the  vein-matters,  in- 
cluding the  metallic  ores,  are  not  derived  from  an  unknown  mys- 
terious region  of  volcanic  fires,  but  are  gathered  by  leaching  from 
the  whole  wall-rock  from  top  to  bottom  of  the  fissure,  but  mainly 
from  the  deeper  parts ;  because  these  are  under  heavy  pressure  and 
superheated.  Subterranean  waters,  gathering  soluble  matter  from 
M'ide  areas  and  great  thicknesses  of  rock,  find  their  way  into  fissures, 
and  these  then  become  the  natural  channel  back  to  the  surface  from 
which  they  came."  With  these  views  of  Dr.  Le  Conte,  as  with  the 
rest  of  his  article,  I  agree  in  most  respects,  while  differing  with  him 
as  to  their  application,  and  as  to  some  of  his  geological  facts  and 
reasonings,  as  will  be  seen  later. 

The  direction  taken  by  the  ore-currents  in  any  given  case  in 
bringing  the  material  of  ore-deposits  to  their  present  position  could 
be  readily  determined,  if  the  source  were  known  from  which  these 
materials  were  derived.  Perhaps  even  less  than  the  direction  of  the 
currents  is  this  source  susceptible  of  direct  and  positive  proof;  but 
its  probable  location  may  be  established  by  inductive  reasoning,  and 
indirect  or  even  negative  evidence  may  be  furnished  by  actual  de- 
monstration, which  may  in  time  raise  this  probability  very  nearly 
to  practical  certainty. 

5.  I  stated  in  the  abstract  of  my  report  on  Leadville  that  the  con- 
tents of  the  ore-deposits  were  derived  from  the  neighboring  erup- 
tive rocks.  By  "neighboring  eruptive  rocks,"  I  do  not  mean  that 
they  must  necessarily  be  in  actual  contact  with  the  ore-bodies ;  they 
may  be  at  some  distance  from  the  bodies,  provided  there  is  no  im- 
passable barrier  to  prevent  the  passage  of  solutions  from  one  to  the 
other.  From  a  theoretical  point  of  view,  it  is  evident  that  the  ab- 
solute distance  is  not  essential,  since  all  theories  of  derivation  of  the 
contents  of  ore-deposits  involve  a  greater  relative  distance  of  the 
source,  than  that  which  would  derive  them  from  the  bodies  of  rock 
in  the  vicinity,  even  if  not  at  absolute  contact,  Le  Conte's  ascen- 
sion theory,  quoted  above,  supposes  vein-materials  to  have  been  de- 
rived from  the  rocks  adjoining  the  fissure  at  some  indefinite  depth, 
where  pressure  and  heat  were  abundant.  These  were  present  here  ; 
the  pressure,  that  of  10,000  feet  of  superincumbent  strata;  the  heat, 
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that  of  immense  bodies  of  slowly-cooling  eruptive  rock  ;  only  the 
fissure,  which  his  theory  conceives,  wsis  wanting. 

Something  analogous  to  this  fissure  might  be  conceived,  if  the 
Blue  limestone,  which  is,  in  one  sense,  the  matrix  of  the  principal 
ore-bodies,  had  occupied  a  vertical  instead  of  the  more  nearly  hori- 
zontal position  that  it  does.  At  the  time  the  Leadville  deposits 
were  originally  formed,  it  was  a  practically  unbroken  horizoutal 
bed,  more  or  less  replaced  by  deposits  of  ore  along  its  upper  surface 
and  extending  through  joint-cracks  at  varying  distances  into  its 
mass  and  in  some  few  cases  reaching  to  its  base.  If  the  dynamic 
action  by  which  the  Mosquito  range  was  uplifted,  instead  of  com- 
pressing the  se<limentary  strata  and  their  included  eruptive  sheets 
into  a  series  of  folds,  and  fracturing  and  displacing  them  by  faults, 
had  simply  uptilted  the  whole  into  a  vertical  position,  we  should 
then  have  had,  in  the  place  of  the  fissure,  a  great  vertical  limestone 
zone  with  ore  evidently  brought  in  by  solutions  acting  from  one  side 
or  wall  only.  It  would  then  seem  most  natural,  in  searching  for  a 
source  from  which  the  metallic  contents  had  been  derived,  to  in- 
vestigate the  rocks  on  that  side.  The  advantage  of  the  present 
over  such  a  condition  of  things  is,  that  the  search,  instead  of  being 
necessarily  confined  to  rocks  adjoining  a  very  limited  upper  portion 
of  the  supposed  fissure,  can  be  carried  on,  not  only  among  the 
various  rocks  adjoining  the  whole  area  of  ore-deposition,  but  for  con- 
siderable distance  beyond  that  area. 

Search  for  the  source  of  the  vein-materials  of  the  Leadville  de- 
posits was  carried  on  by  subjecting  the  various  country-rocks  to  deli- 
cate chemical  tests,  in  order  to  ascertain  the  presence  or  absence  in 
them  of  the  most  characteristic  components  of  the  vein-materials, 
gold,  silver,  lead  and  baryta.  In  selecting  specimens  for  testing, 
those  were  chosen  which  came  from  points  so  far  removed  from  any 
known  deposit  that  there  could  be  no  suspicion  that  the  materials 
found  might  be  infiltrations  from  such  deposits.  Among  the  speci- 
mens of  eruptive  rocks,  the  freshest  and  least  altered  were  naturally 
selected,  since  decomposition  n)ight  be  expected  to  have  acted  on 
such  basic  constituents  first.  None  of  the  above  substances  were 
found  in  the  specimens  of  sedimentary  rock  tested  ;  and  the  tests  of 
eruptive  rock  were,  therefore,  multiplied,  as  much  as  the  time  which 
could  be  allotted  to  their  special  investigation  would  permit.  The 
greatest  number  of  tests  were  those  made  in  the  dry  way  for  minute 
traces  of  gold  and  silver,  for  the  reason  that  these  could  be  made 
with  far  greater  rapidity,  and  consequently  in  greater  number  in  a 
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given  time,  tlian  in  the  wet  way.  After  considerable  experiment 
with  methods  and  materials,  it  was  found  possible  to  determine  in 
this  way  with  accuracy  0.005  ounce  per  ton  or  0.000,017  per  cent, 
of  silver,  an  amount  which  it  would  have  required  an  enormous 
amount  of  concentration  to  detect  in  the  wet  way. 

The  results  may  be  briefly  stated  as  follows:  Baryta  was  found 
in  all  four  specimens  of  eruptive  rock  tested  for  this  substance;  lead 
in  fourteen  out  of  seventeen  specimens  tested  ;  and  silver  in  thirty- 
two  out  of  forty-two  specimens  tested.  It  is  to  be  remarked  that 
the  negative  results  do  not  necessarily  mean  an  absence  of  the  sub- 
stance in  question,  but  only  that  the  amount  is  less  than  the  process 
employed  could  detect;  so  that  where  lead  is  found  in  a  rock  it  is 
probable  that  it  contains  silver  also,  but  in  relatively  small  amount. 
As  the  medium  percentage  of  lead  oxide  in  the  above  tests  is  0.0032, 
if  this  lead  oxide  contained  forty  ounces  of  silver  per  ton,  the  per- 
centage of  the  latter  in  the  rock  would  be  within  the  limit  of  accu- 
racy given  above  for  our  determination  of  silver,  and  could  not 
have  been  detected  by  the  methods  employed.  Several  hundred 
assays  for  silver  were  made,  the  results  of  which  correspond  in  gen- 
eral to  those  given  above,  but  possible  sources  of  error  were  found 
in  some,  and  the  forty-two  represent  the  residue,  which  had  been 
confirmed  as  accurate  by  repeated  tests,  after  all  containing  any 
possible  source  of  error  had  been  eliminated. 

It  may  be  said  that  these  results  do  not  necessarily  prove  that 
the  materials  of  the  Leadville  deposits  were  derived  from  these 
eruptive  rocks,  and  not  from  some  unknown  bodies  of  rock  still 
richer  in  these  materials  at  unknown  depths.  Absolute  proof,  as  I 
have  already  said,  could  not  be  expected,  especially  as  against  an  un- 
known quantity  whose  resources,  being  unknown,  are  in  one  sense 
unlimited,  but  this  evidence  shows  a  possibility  which,  combined  with 
all  the  other  facts  that  bear  on  this  question  in  this  particular  dis- 
trict, amounts  to  a  very  strong  probability.  The  quantities  of  vein- 
constituents  found,  though  minute,  are  quite  sufficient  when  one 
realizes  what  vast  bodies  of  eruptive  rock  still  exist  there,  and 
reflects,  moreover,  that  probably  a  very  much  larger  amount  was 
present  when  the  deposits  were  formed,  but  has  since  been  removed  by 
erosion.  As  against  the  probability  that  the  materials  were  derived 
from  eru[)tive  rocks  below,  there  is  tlie  evidence  afforded  by  the 
geological  structure  of  the  region  that  the  greater  mass  of  eruptive 
bodies  coming  under  observation  are  above  the  Blue  limestone,  which 
is  only  400  feet  above  the  Archaean,  and  that  these  eruptive  rocks 
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came  up  through  the  Archrean  in  extremely  narrow  channels  or 
dikes,  and  only  spread  out  in  large  bodies  after  reaching  the  sedi- 
mentary strata  above;  therefore,  that  in  all  probability  there  are  no 
large  bodies  of  eruptive  rock  beneath,  until  the  far  distant  sources 
of  these  rocks  are  reached ;  further,  that  the  Archnean  rocks,  as  far 
as  testetl,  were  not  found  to  contain  these  substances. 

The  criticisms  that  have  been  made  upon  this  part  of  my  conclu- 
sions are  mostly  general  rather  than  sj)ecial.  Mr.  Rolker  maintains 
that  the  overlying  White  porphyry  (felsite)  should  be  stained  by  basic 
sulphate  of  iron,  if  the  vein-materials  had  been  derived  from  it, 
and  says,  "against  Mr.  Emmons's  analysis  of  the  felsite  stand  other 
analyses  which  did  not  find  any  lead  or  silver  in  it  (L.  D.  Ricketts.)" 
To  this  I  answer,  the  extraction  of  such  minute  traces  of  metallic 
minerals  by  percolating  waters*  would  not  necessarily  leave  any 
staining  visible  to  the  naked  eye,  since  the  minerals  themselves  are 
rarely  visible,  even  under  the  microscope.  Moreover,  I  do  not 
maintain  that  they  came  from  the  White  porphyry  alone — there  are 
other  bodies  of  porphyry  from  which  they  could  have  been  derived  ; 
and  this  porphyry  is  so  universally  decomposed,  as  shown  by  mi- 
croscopical examination,  that  it  is  difficult  to  see  what  all  of  its 
original  constituents  were.  Out  of  eleven  specimens  of  it,  included 
in  the  above-quoted  tests,  only  three  yielded  silver,  a  far  smaller  pro- 
portion than  that  of  the  other  varieties  of  eruptive  rock,  which  were, 
as  a  rule,  less  decomposed.  Still,  as  Mr.  Rolker  himself  suggests, 
this  may  merely  prove  that  its  metallic  contents  had  been  leached 
out.  As  for  the  counterproof  of  other  analyses,  Mr.  Ricketts  him- 
self says  explicitly*  that  he  made  no  study  of  the  question  of  the 
source  of  the  material,  and  the  fact  that  his  single  analysis  of  White 
porphyry  gives  no  lead  or  silver  may  simply  prove  that  he  did  not 
make  the  special  test  for  these  materials  on  the  large  amount  of 
rock  which  is  necessary  in  order  to  detect  them.  He  adds  that  his 
analysis  "  showed  scarcely  a  trace  of  sulphur  though  the  rock  at 
one  time  certainly  contained  much  iron  pyrites." 

Dr.  Newberry's  criticisms  on  my  conclusions  are  entirely  vitiated 
by  his  complete  misapprehension  of  my  views.  He  assumes  that  I 
would  derive  the  ores  from  superficial  igneous  rocks,  through  the 
agency  of  surface-waters ;  but  since  I  myself  do  not  believe  that 
they  could  have  been  formed  either  by  surface-waters  or  from  recent 
or  superficial  igneous  rocks,  it  would  seem  unnecessary  to  refer  to 

*  The  Ores  of  Leadville,  Princeton,  1883,  p.  46. 
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his  objections  to  that  view  in  the  special  case  of  Leadville.  I  will 
merely  say  that  the  theory  which  he  proposes  as  a  substitute  for 
mine,  "  that  the  plane  of  contact  between  limestone  and  porphyry 
has  been  the  conduit  through  which  heated  mineral  solutions  coming 
from  deeper-seated  and  remote  sources  have  flowed,  removing  some- 
thing from  both  the  overlying  and  underlying  strata/'  etc.,*  is  one 
which  he  himself  would  probably  reject,  if  he  had  had  as  good  an 
opportunity  of  examining  the  geological  structure  of  the  region  and 
the  relation  of  the  ore-bodies  to  the  surrounding  rocks  as  I  have  had. 

It  may  not  be  amiss  to  call  attention  to  the  fact  that  Professor 
Newberry  has  similarly  misapprehended  Mr.  Becker's  views  as  to 
the  genesis  of  the  ores  of  the  Comstock  lode.  To  him  Professor 
Newberry  attributes  the  hypothesis  that  the  Comstock  ores  were 
leached  from  the  hanging-wall  by  cold  surface-waters.  Becker's 
memoir  contains  no  such  statement.  On  the  contrary,  he  maintains 
at  length  that  the  ore  was  extracted  from  the  hanging-wall  by  rising 
waters  of  very  high  temperature,  and  charged  with  solvents  acting 
at  considerable  pressures. 

As  regards  the  general  derivation  of  the  vein-materials  from  erup- 
tive rocks,  it  will  perhaps  be  wise  to  state  explicitly  what  I  do 
think  at  the  present  time,  reserving  the  right  to  modify  my  views 
if  I  see  fit,  as  I  gain  a  wider  and  more  exact  knowledge  of  the  ore- 
deposits  of  the  world.  I  consider  that  at  the  present  time  neither 
I  nor  any  one  else  is  in  possession  of  accurate  geological  knowledge 
of  a  sufficiently  large  number  of  ore-deposits  to  justify  the  formu- 
lation of  that  knowledge  into  a  universally  applicable  theory  of  the 
formation  of  ore-deposits.  Ore-deposits  occur  in  nature  under  such 
varied  conditions,  moreover,  that  it  seems  doubtful  if  any  one  theory 
of  their  formation  will  be  found  applicable  to  all  of  them,  and 
probably  the  final  theory  will  be  an  alternative  one.  As  one  of  these 
alternatives,  the  derivation  from  bodies  of  eruptive  rock  in  the 
vicinity  of  the  deposits  seems  to  have  in  its  favor  more  evidence, 
both  direct  and  indirect,  than  any  other  now  offered. 

As  indirect  evidence,  European  geologists  have  long  remarked 
that  regions  rich  in  ore-deposits  have,  in  the  majority  of  cases,  been 
regions  of  long-continued  eruptive  activity.  This  association,  or 
coincidence  if  such  it  may  be  considered,  is  still  more  striking  in 
this  country  ;  but  it  is  to  be  remarked  that  it  is  with  the  older  and 
generally  intrusive  rocks  of  eruptive  origin  that  valuable  ore-deposits 

*  Op.  cit.,  p.  15. 
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are  most  frequently  associated,  wliile  they  are  rare  when  these  rock 
only  form  surfaee-tlows  or  are  outpourings  of  actual  volcanic  vents.* 
Newberryt  brings  forward  the  latter  fact  as  argument  against  the 
derivation  of  vein- materials  from  superficial  igneous  rocks,  and  as 
such  it  is  certainly  valid  ;  but  the  greater  part  of  our  ore-deposits 
are  evidently  of  deep-seated  and  not  of  superficial  formation.  I  have 
no  evidence  to  prove  whether  recent  lavas  are  poorer  in  vein- 
materials  than  the  older  intrusive  rocks  or  not;  nor  is  that  an  essen- 
tial point,  since  it  is  evident  that  they  have  been  subjected  to  the 
leaching  process  but  for  a  comparatively  short  time;  that  the  surface- 
waters  which  reach  them  have  neither  the  heat,  pressure,  nor 
chemical  solvents  that  render  the  action  of  deep-seated  waters  more 
energetic,  and  therefore  that  concentrations  of  vein-materials  in  ore- 
deposits  from  them  could  not  be  expected  to  be  as  frequent  or  con- 
siderable as  those  in  the  older  and  deep-seated  rocks. 

Professor  Newberry  is  inclined  to  doubt  the  frequency  of  the 
association  of  eruptive  rocks  and  ore-deposits,  and  says  in  regard  to 
the  mineral  belt  of  the  Far  West,  "  the  great  majority  of  veins  are 
not  in  immediate  contact  with  trap  rocks,  and  they  could  not  there- 
fore have  furnished  the  ores."  As  to  the  immediate  contact  of  trap 
rock  with  these  veins,  I  do  not  feel  that  I  have  sufficient  data  to 
contradict  his  statement,  although  I  am  equally  confident  that  it  is 
not  justified  by  accurate  statistical  knowledge  on  his  part.  But  the 
statement  is  liable  to  mislead,  in  that  the  reader  might  be  led  to 
infer  that,  in  the  instances  he  gives,  eruptive  rocks  do  not  occur  in 
the  vicinity  of  the  deposits,  whereas  I  am  qualified,  from  my  own 
observation  and  from  knowledge  gained  during  my  investigations 
under  the  Tenth  Census,  to  state  that  this  inference  would  be  dia- 
metrically opposed  to  the  facts.  Not  only  are  there,  in  each  of  the 
eleven  districts  he  mentions,  known  developments  of  eruptive  rock 
in  the  vicinity  of  the  deposits,  but  in  seven  of  these  districts  there 
are  important  mines — some  of  which  he  has  quoted  by  name  in  his 
list — in  which  eruptive  rocks  form  one  or  both  walls  of  the  deposits. 

Professor  Le  Conte,  on  the  other  hand,  not  only  admits  the  fre- 
quency of  the  association  of  great  eruptive  activity  with  ore-deposi- 
tion, but  also  the  possible  derivation  of  the  vein-materials  from  erup- 
tive rocks.  His  view  on  this  subject,  which  resembles  the  Scotch 
verdict  "  not  proven,"  is,  "  not  that  igneous  rocks  alone  supply  the 
materials,  but  rather  that  igneous  action  supplies  the  heat  necessary 

*  Tenth  Ctnsus.    Vol.  xiii.,  p.  63. 

t  The  JJeposUion  of  Ores,  already  cited. 
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for  solution."  He  afterwards  admits  that  heat  is  not  in  all  cases 
necessary  forsolution.  As  Professor  Le  Conte's  views  may  betaken 
as  a  fair  representative  of  the  best  speculative  theories  on  the  subject 
of  ore-deposition  at  the  present  day,  it  may  be  assumed  that  there 
are  no  good  a  priori  grounds  against  the  derivation  of  vein-materials 
from  eruptive  rocks;  and  it  remains  to  consider  what  direct  evi- 
dence there  is  in  its  favor.  Before  doing  this,  I  wish  to  advert  to  a 
geological  question,  as  regards  which  I  do  not  agree  with  Le  Conte's 
implied  ideas.  He  says:  "We  never  see  any  stratified  rock  that 
has  not  been  igneous  rock  nor,  I  believe,  any  igneous  rock  that  has 
not  become  so  by  refusion  of  stratified  rocks."  This  statement  might 
be  admitted  as  applied  to  the  earlier  stages  of  the  earth's  history 
when  its  first  crust  was  forming,  and  yet  doubted  in  such  a  practi- 
cal application  to  the  sedimentary  rocks  now  found  on  the  surface, 
as  is  made  by  Professor  Newberry  when  he  says  :*  "  All  the  knowl- 
edge we  have  of  the  subject  justifies  the  inference  that  most  of  the  ig- 
neous rocks  which  have  been  poured  out  in  our  Western  Territories 
are  but  fused  conditions  of  sediments  which  form  the  substructure  of 
that  country,  .  .  .  and  it  is  possible,  and  even  probable  that  the 
rocks  composing  the  volcanic  ridges  are  but  phases  of  the  same  ma- 
terials that  form  the  sedimentary  chains." 

The  estimated  aggregate  thickness  of  sediments  above  the  Archaean 
varies,  roughly  stated,  from  60,000  to  100,000  feet,  but,  owing  to 
frequent  elevations  and  subsidences,  the  series  is  probably  never 
found  comi)lete  at  any  one  point,  and  it  may  reasonably  be  doubted 
if  the  thickness  of  sediments  accumulated  at  one  time  and  place 
over  the  Archsean  ever  reached  even  the  lowest  of  the  above  figures. 
But,  by  the  agencies  of  dynamic  action  and  erosion,  geologists  have 
been  enabled  to  study  not  only  these  great  thicknesses  of  overlying 
sediments,  but  great,  though  unknown,  thicknesses  of  the  Archaean 
formations  beneath  ;  yet,  nowhere  in  the  vast  portions  of  the  earth's 
crust  that  have  already  been  examined  has  any  evidence  of  the  fusion 
of  sedimentary  rocks  into  an  igneous  magma  been  found.  For  this 
reason  it  seems  to  me,  and  I  believe  I  express  the  sentiments  of  the 
majority  of  geologists  who  have  made  a  study  of  eruptive  phenom- 
ena, that  Professor  Newberry's  inference  is  not  justified  by  the 
knowledge  we  at  present  possess,  and  that  the  region  of  fusion 
whence  igneous  rocks  may  be  supposed  to  be  derived,  must  be  rele- 
gated to  greater  dei)ths  and  beyond  the  reach  of  the  actual  sedi- 
ments which  we  can  now  observe  on  the  surface. 

*  Deposition  of  Ores,  p.  11. 
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The  theory  that  vein-materials  have  been  derived  from  adjoining 
rocks  is  by  no  means  a  new  one.  Both  Breithanpt  and  Cotta  ad- 
mittai  the  probability  of  such  derivation,  provided  only  the  exist- 
ence of  the  vein-raaterials  could  be  proved,  while  Bischof  not  only 
strongly  upheld  the  theory,  but  by  chemical  investigation  actually 
detected  the  earthy  or  gangue-material  of  veins  in  the  neighboring 
country-rocks.  Acting  on  Bischof's  suggestion,  and  employing 
metho<l.s  which  enabled  him  to  detect  minute  traces  of  material  in 
the  separate  constituents  of  rocks,  Sandberger  has  been  investigating 
for  many  years  past  the  country-rocks  of  European  raining  districts. 
He  finds  that  the  basic  silicates  of  the  crystalline  country-rocks 
(metamorphic  or  eruptive)  contain  the  same  metals  as  are  found  in 
the  neighboring  deposits,  and  hence  concludes  that  the  materials  of 
the  latter  were  derived  from  the  former.*  The  investigations  of 
country-rocks,  carried  on  by  Mr.  Becker  and  myself  at  Washoe  and 
Leadville  respectively,  were  in  the  sanie  line  of  research,  although 
when  they  were  undertaken  we  had  not  the  advantage  of  Sandber- 
ger's  experience,  and  our  methods  differed  somewhat  from  his, 
owing  to  the  peculiar  circumstances  under  which  each  inquiry  was 
conducted.  Our  results  in  either  case  showed  at  least  a  possibility 
of  the  derivation  of  the  materials  from  the  eruptive  country-rocks, 
which  the  geological  conditions  heightened  to  a  probability.  Since 
that  time,  I  have  carried  on  similar  investigations,  with  some  im- 
provements in  methods  suggested  by  experience,  on  the  country- 
rocks  of  other  districts,  notably  those  of  Ten-Mile  and  Silver  Cliff, 
Colorado,  which  have  been  in  the  main  confirmatory  of  those  ob- 
tained at  Leadville.  Although  the  work  thus  far  done  in  this  line 
covers  but  a  small  portion  of  the  field  of  investigation,  it  affords 
valuable  indications  from  which  one  necessarily  draws  conclusions, 
and  which  certainly  point  a  way  for  further  research  that  promises 
to  be  fruitful  in  results.  The  conclusions  that  I  have  reached  thus 
far  are,  that  the  vein-materials  are  probably  derived  from  country- 
rocks  in  the  neighborhood  of  the  deposits,  though  they  are  not  nec- 
essarily in  absolute  contact,  and  it  may  even  happen  that  they  can- 
not be  seen  at  the  surface.  And  the  chemical  tests  thus  far  made 
show  that  the  eruptive  rocks  rather  than  the  sedimentary  are  the 
more  likely  to  carry  the  materials  from  which  the  vein-materials 
have  been  derived.  I  am  by  no  means  prepared  to  say  that  erup- 
tive rocks   will  everywhere  be  found  to  be  the  source  of  the  vein- 

*   Untersxichungen  iiber  Erzgdnge,  F.  Sandberger,  Wiesbaden,  1882. 
VOL.  XV. — 10 
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materials  ;  indeed,  it  would  seem  that  there  are  many  deposits  where 
this  would  be  impossible;  and  yet  it  often  happens  that  the  pub- 
lished descriptions  of  such  deposits  are  not  sufficiently  complete  or 
exact  to  enable  us  to  form  a  decided  opinion  one  way  or  the  other. 

Professor  Newberry  considers*  that  an  unanswerable  argument 
against  the  theory  of  lateral  secretion  is  furnished  by  the  great  di- 
versity of  character  exhibited  by  different  sets  of  fissure-veins  which 
cut  the  same  country-rock.  It  seems  to  me  that  a  certain  amount 
of  diversity  might  be  allowed  in  different  sets  of  veins  in  the  same 
belt  of  rock,  without  disproving  the  theory  as  I  understand  it ; 
first,  because  the  derivation  is  not  confined  to  the  immediate  wall- 
rock  ;  secondly,  because  observation  shows  that  such  accessory  or 
accidental  constituents  as  these  vein-materials  may  vary  very  greatly 
in  the  same  body  of  rock;  and  thirdly,  because  the  determining 
cause  of  precipitation  or  deposition  might  differ  in  the  different  sets 
of  fissures,  so  as  to  produce  a  difference  in  the  character  of  deposition 
from  one  and  the  same  solution.  Dr.  Newberry  does  notstate  directly 
how  great  a  diversity  he  considers  necessary  to  prove  his  argument; 
but  the  only  instance  in  which  he  actually  cites  the  character  of  the 
ores  has  been  unfortunately  chosen  for  this  purpose.  It  is  that  of 
the  Humboldt,  the  Bassick  and  the  Bull-Domingo  mines,  near  Rosita 
and  Silver  Cliff,  which,  he  says,  "are  veins  contained  in  the  same 
sheet  of  eruptive  rock,  but  the  ores  are  as  different  as  possible."  In 
point  of  fact,  the  Bull-Domingo  deposit  occurs  in  Archaean  gneiss, 
while  the  Bassick  and  Humboldt  bodies  are  in  se{)arate  and  distinct 
bodies  of  andesite,  evidently  belonging  to  different  outflows. 

To  summarize  the  above  somewhat  discursive  remarks  :  The  pres- 
ent tendency  of  the  results  reached  by  careful  and  well-authenticated 
determinations  of  the  origin  and  manner  of  formation  of  ore-depos- 
its is  in  favor  of  a  continually  increasing  applicability  of  the  follow- 
ing conditions  : 

That  they  are  deposited  from  solutions  made  by  percolating 
waters. 

That  the  deposition  takes  place  very  rarely  in  actually  open  cavi- 
ties, but  most  frequently  by  a  metasomatic  interchange,  or  by  re- 
placement of  the  more  soluble  or  more  accessible  portions  of  a  rock 
or  members  of  a  rock-series. 

That  these  solutions  do  not  necessarily  come  directly  upward,  but 
simply  follow  the  easiest  channels  of  approach. 

*  Op.  eit.,  p.  6. 
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That  these  materials  are  not  immediately  derived  from  sources  at 
some  unknown  depth,  but  from  neighboring  bodies  of  rock  within 
limited  and  conceivable  distances. 

That  where,  as  is  so  often  the  case,  ore-deposits  are  associated 
with,  or  in  the  vicinity  of,  bodies  of  eruptive  rock,  especially  the 
older  intrusive  roi'ks,  there  is  a  reasonable  probability  that  their  ma- 
terials have  been  derived  from  these  rocks. 

In  order  to  accumulate  facts  upon  which  to  form  any  well- 
grounded,  broad  generalization  upon  these  very  important  subjects, 
we  need,  on  the  part  of  mining  engineers,  an  almost  indefinite  mul- 
tiplication of  such  p}ipei*sas  those  of  Messrs.  Ricketts,  Freeland  and 
Rolker  on  the  Leadville  mines,  giving  facts  in  the  minute  detail 
which  can  only  be  arrived  at  by  long  personal  observation  and 
study.  Such  papers  should,  as  far  as  possible,  be  based  upon  author- 
itative determinations  of  geological  structure  of  the  region  where 
the  mines  occur,  and  such  determinations  it  seems  to  be  the  proper 
province  of  a  Government  geological  survey  to  furnish,  as  private 
individuals  cannot  be  expected  to  have  the  extended  field  experience, 
or  to  be  able  to  carry  out  the  costly  investigations  which  they  neces- 
sarilv  involve. 
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BY  JOHN  BIRKINBINE,   PHILADELPHIA,   PA, 

(Bethlehem  Meeting,  May.  1886.) 

In  the  preparation  of  the  paper  upon  "  The  Operation  of  War- 
wick Furnace,  Pennsylvania,  from  August  27,  1880,  to  September 
1,  1885,"  presented  at  the  Pittsburgh  meeting,  I  purposely  refrained 
from  offering  theories  to  explain  the  peculiarities  of  furnace  opera- 
tion, on  the  ground  that  it  was  better  for  those  actively  engaged  in 
blast-furnace  management  to  present  records  of  operations,  than  for 
one  more  directly  interested  in  blast-furnace  engineering  and  con- 
struction to  venture  upon  the  sea  of  speculation  as  to  causes.  The 
manager  of  an  iron-works  naturally  feels  that  he  knows  as  much 
about  his  particular  furnace  or  furnaces  as  any  one  else,  and  as  Mr. 
Cook,  after  his  close  attention  to  and  study  of  the  Warwick  furnace, 
was  at  that  time  unwilling  to  present  theories,  I  felt  a  disinclina- 
tion to  assume  more  acumen  than  the  manager. 
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My  chief  purpose  in  preparing  the  original  paper*  was  to  give 
a  complete  record  of  the  operation  of  Warwick  furnace,  and  to 
stimulate  discussion  upon  blast-furnace  practice  by  detailing  the 
circumstances  attending  phenomena  which,  although  at  first  peculiar 
and  disastrous,  afterwards  became  of  usual  occurrence  and  caused 
but  little  annoyance  to  the  manager. 

It  is  proper  to  note  the  fact  that  the  "  dirt-troubles,"  while  prac- 
tically continuing,  have  for  several  years  been  successfully  overcome, 
as  the  data  presented,  covering  five  years  of  operation,  demonstrate; 
and  it  is  hoped  that  the  freedom  with  which  the  details  are  given 
may  prove  of  service  to  other  managers. 

The  present  paper  is  merely  a  continuation  of  the  discussion  upon 
the  former  one,  and  is  intended  more  as  an  opening  of  the  renewed 
discussion  than  as  an  independent  paper.  It  has,  however,  received 
a  separate  title,  since  it  will  not  appear  in  the  same  volume  of  our 
Transactions  with  the  paper  to  which  it  refers. 

Naturally,  those  acquainted  with  the  physical  condition  of  the  ores 
used  at  Warwick  furnace,  generally  attribute  the  "  dirt-troubles  "  to 
comminuted  stock.  But,  as  explained  in  Mr.  Cook's  discussion  of 
the  paper,  no  material  amelioration  of  the  annoyance  resulted  from 
the  employment  of  coarse  ore.  Few  iron-ores  are  charged  into  blast- 
furnaces which  do  hot,  in  handling  from  the  stock-piles  to  the  top 
of  the  stack,  dumping  upon  the  bell  or  into  the  furnace,  or  descend- 
ing through  the  shaft  of  the  furnace,  produce  more  or  less  fine  ore; 
and  it  is  possible  that,  in  some  of  the  softer  ores  used  at  Warwick 
furnace,  the  amount  of  such  finely-divided  ore  was  greater  than 
usual ;  but  that  it  was  not  sufficiently  so  to  make  this  particular 
furnace  an  exception  to  all  others  in  the  neighborhood,  is  hardly 
debatable.  Nor  was  the  proportion  of  small  ore  as  great  as  is  charged 
into  other  American  blast-furnaces. 

Anthracite  coal,  too,  loses  some  sharp  angles  by  attrition,  and 
when  subjected  to  sudden  changes  of  temperature  decrepitates,  the 
various  qualities  differing  in  the  degree  of  decrepitation.  But  as 
the  coal  used  at  Warwick  furnace  was  of  medium  hardness,  this 
should  not  have  a  material  bearing  upon  the  "dirt-troubles." 
Neither  is  it  probable  that  the  change  in  stock,  travelling  so  that  its 
temperature  would  not  be  raised  at  most  over  200°  Fahr,  per  hour, 
would  cause  such  decrepitation  as  would  be  sufficient  to  rapidly 
destroy  the  coal.     Besides,  other  furnaces,  using  similar  stock,  con- 

*  "Operation  of  Warwick  Furnace,  Pa,,"  etc.     Transactions,  xiv.,  833. 
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suraed  fully  as  much  fuel,  although  perhaps  with  smaller  output, 
without  the  annoyance  caused  at  Warwick  furnace. 

At  some  of  the  furnaces  using  fine  Cornwall  ore,  troubles  from 
dirt-accumulation  occur  periodically  with  remarkable  uniformity 
as  to  time.  One  manager  informs  me  that  these  disturbances  could 
be  expected  every  ten  or  fifteen  days,  and  the  cinder-notch  invented 
by  Mr.  H.  C.  Grittinger  was  designed  largely  for  the  removal  of 
this  accumulated  material.*  This,  however,  may  possibly  be  owing 
as  much  to  the  distribution  of  stock  at  the  tunnel-head  as  to  any- 
thing else,  and  does  not  necessarily  follow  lower  fuel  consumption. 

As  the  physical  value  of  the  various  fuels  for  blast-furnaces  appears 
to  be  proportionate  to  the  surface  exposed,  it  is  possible  that  any 
decrepitation  would  work  advantageously,  rather  than  the  reverse, 
by  exposing  a  greater  amount  of  surface  to  the  oxygen  of  the  blast. 
Dr.  William  Thoerner  shows  that  in  thirteen  cokes,  with  densities 
varying  from  0.808  to  1.046,  the  volume  of  fuel  per  100  grams 
ranged  from  52.8  to  67.2  cu.  cm.,  and  the  cell-space  for  the  same 
weight  was  from  28.4  to  61.6  cu.  cm.,  while  in  four  charcoals,  with 
densities  of  from  0.382  to  0.594,  the  volume  per  100  grams  was 
from  61.6  to  74.2  cu.  cm.,  and  the  cell-space  96.2  to  200.4  cu.  cm. ; 
whereas  the  Piesburg  anthracite  showed  a  density  of  1.66,  a  volume 
of  60  cu.  cm.,  and  a  cell-space  of  but  3.6  cu.  cm.  per  100  grams. 
The  same  fuels  were  exposed  to  a  current  of  heated  air  for  ten 
minutes,  and  the  coke  lost  from  45  to  57.1  per  cent,  while  the  charcoals 
lost  from  78.6  to  100  per  cent. 

There  does  not  seem  sufficient  testimony  offered  to  sustain  a  theory 
that  fine  ore  or  coal,  or  both  combined,  caused  the  dirt-troubles 
mentioned  at  Warwick  furnace;  and  while  giving  full  consideration 
to  the  possibility  of  these  augmenting  the  trouble,  they  are  not  ac- 
cepted as  the  only  causes. 

Another  theory  advanced  is,  that  in  working  upon  low  fuel-con- 
sumption the  practical  limit  of  fuel-economy  was  approached,  and 
in  so  doing  the  reduced  ore,  as  fine  powder,  gradually  sank  as  the 
column  of  fuel  was  lessened,  until  this  reduced  ore,  at  a  high  tem- 

*  The  Grittinger  cinder-lap  consists  of  an  opening  closed  by  a  hinged  door 
which,  when  opened,  gives  a  vent  of  large  area  (about  100  square  inches),  and  the 
practice  at  the  North  Cornwall  furnace,  which  is  under  the  inventor's  raanage- 
ment,  is  to  blow  into  the  cinder  for  an  hour  after  it  rises  to  the  tuyeres.  This 
demands  high  blast-pressure,  and  is  attended  with  more  or  less  risk  in  case  ©f  sud- 
den stoppage  of  blast ;  but  the  assistance  thus  given  in  the  removal  of  any  accumu- 
lation of  unreduced  material  which  obstructs  the  crucible  is  deemed  a  compensa- 
tion. 
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perature,  met  the  oxygen  in^  the  blast  near  the  tuyeres  and  was 
reoxidized,  producing  an  infusible  material  clogging  the  hearth  and 
reducing  its  temperature  by  sudden  slips. 

That  the  reduced  ore  appears  at  the  lower  part  of  the  boshes  as 
sand  seems  satisfactorily  determined.  It  may  be  assumed  that  a 
column  of  incandescent  solid  fuel  exists  at  the  tuyeres  through  which 
the  metal  and  cinder  drop  from  the  reduced  ore.  This  ore,  in  normal 
working,  may  be  at  a  considerable  distance  above  the  tuyeres,  but 
when  operating  with  low  fuel  this  zone  of  reduced  ore  may  approach 
closer  and  closer  to  the  tuyeres,  and  the  trouble  may  be  continually 
augmenting  until  reoxidation  takes  place  from  a  direct  or  nearly 
direct  contact  with  the  blast  of  the  reduced  ore  raised  to  a  high  tem- 
perature. 

If  we  could  see  into  the  interior  of  a  blast-furnace  in  operation, 
we  should  probably  find  that  at  the  tuyeres  the  coal  is  in  active 
combustion,  while  above  this  the  fuel  may  be  at  a  temperature  above 
that  of  ignition,  but  not  in  active  combustion  for  want  of  an  atmos- 
phere to  sustain  such  combustion  ;  and  it  seems  possible  that  the 
comminuted  reduced  ore  might,  to  a  certain  extent,  pass  this  point 
unsmelted  until  it  reached  the  presence  of  sufficient  oxygen  to  reox- 
idize  it.  Unless  the  furnace  is  working  abnormally,  we  may  expect 
that  the  reducing  atmosphere  exists  over  the  full  section  of  the  fur- 
nace, and  that  all  parts  of  the  charge  are  subject  to  its  action.  Under 
these  circumstances,  may  we  not  expect,  in  stock  properly  distributed 
from  the  bell,  to  find  the  fine  ore  reduced  more  readily  than  coarse 
ore?  Such  being  the  case,  it  does  not  seem  unfair  to  claim  that 
charging  fine  ore  would  not  encourage  the  possibility  of  re-oxidation. 

The  necessity  of  thorough  and  careful  distribution  of  stock  is  too 
little  appreciated;  and  there  is  no  doubt  that  many  disturbances  in 
furnace-operation  arise  from  imperfect  charging.  The  relative  di- 
ameters of  bell  and  stock-line  are  not  matters  of  minor  importance  ; 
but  it  is  probable  that  many  furnaces  suffer  from  the  fact  that  the 
stock-line  has  been  considered  as  the  point  in  the  shaft  of  the  fur- 
nace which  the  stock  reaches  when  the  charge  is  completed,  and  the 
proportion  is  based  upon  this.  This  line  is  ordinarily  a  considerable 
distance  above  the  point  where  the  first  part  of  the  charge  is  dropped  ; 
and  it  would  appear  more  important  to  proportion  the  bell  to  the 
line  of  stock  when  the  furnace  is  sufficiently  settled  to  receive  a 
charge  than  to  the  line  of  stock  when  the  charge  is  completed. 

Another  cause  of  disturbance  is  in  the  relation  which  the  volume 
of  charge  bears  to  the  greatest  diameter,  and  it  would  appear  as  es- 
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sential  either  to  drop  all  stock  thoroughly  intermixed  or  else  in  such 
layers  as  would  aiiproxitiiately  hold  their  relative  positions  in  de- 
scending through  the  furnace.  If  the  charge  of  fuel  were  sufficient 
to  cover,  to  a  depth  of  one  foot,  a  stock-line  12  feet  in  diameter,  its 
volume  would  give  a  layer  6.7  inches  thick  at  a  bosh-diameter  of 
16  feet;  and,  with  no  allowance  for  waste,  would  bring  to  the  tuy- 
eres in  a  crucible,  9  feet  diameter,  a  column  of  fuel  21 J  inches  in 
depth.  In  many  cases  the  size  of  the  fuel  used  and  the  cubic  con- 
tents of  a  charge  are  such  that,  even  if  a  layer  of  fuel  was  distributed 
with  practical  uniformity  at  the  tunnel-head,  it  would  be  insufficient 
for  a  layer  at  the  bosh,  and  would  hence  necessitate  unequal  distri- 
bution. 

The  theory  of  disturbance  of  the  equilibrium  (if  it  may  be  so  ex- 
pressed) in  furnace-proportion  by  the  increase  in  areas  from  the 
tuyeres  to  bosh  more  rapidly  than  above  the  bosh  was  presented 
fully  by  Mr.  Cook;  and  any  elaboration  of  it  should  in  fairness  be 
left  to  him. 

Another  theory  advanced  is,  that  the  dirt-troubles  are  due  to 
scaffolds.  The  acceptance  or  rejection  of  this  suggestion  depends 
largely  on  the  definition  of  the  term,  scaffold.  Dr.  Raymond,  in 
his  Glossary  of  Mining  and  Mdallurgical  Terms,  defines  it  "  An  ob- 
struction in  a  blast-furnace  above  the  tuyeres,  caused  by  an  accu- 
mulation or  shelf  of  pasty,  unreduced  materials,  adhering  to  the 
lining  ;"  and,  if  emphasis  is  placed  upon  "adhering,"  the  theory 
would  not  hold  good.  Custom  seems  to  recognize  a  scaffold  as  ma- 
terial permanently  adhering  to  the  bosh-walls,  generally  at  or  near 
the  greatest  diameter,  gradually  increasing,  and  thus  reducing  the 
active  area  of  the  furnace,  or  forcing  the  work  more  upon  one  side 
than  the  other,  so  as  to  cause  irregular  operation.  This  material, 
being  cemented  together,  may  sometimes  be  partially  removed  by 
melting  some  of  it  away,  and  encouraging  more  to  drop  down;  but 
it  is  oftener  the  case,  that  the  use  of  explosives  is  necessary  to  dis- 
lodge it.  If  a  scaffold,  then,  is  material  adhering  or  fused  to  the 
walls,  it  is  not  necessarily  connected  with  the  dirt-troubles  described  ; 
but,  if  a  scaffold  is  interpreted  as  an  accumulation  on  the  walls, 
then  the  dirt-troubles  accompanied  scaffolds.  But  to  admit  the  lat- 
ter definition,  would  be  to  assert  that  a  majority  of  blast-furnaces 
are  scaffolded,  and  that  those  which  are  producing  the  most  satisfac- 
tory results  are  accomplishing  their  work  with  scaffolds  ;  for  few  fur- 
naces are  free  from  a  deposit  of  carbonaceous  or  other  material  when 
in  operation,  which  acts  as  a  refractory  lining  superior  to  any  arti- 
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ficial  composition  in  use.  By  reference  to  the  record  of  the  long 
blast  at  Warwick  furnace,  it  will  be  noted*  that,  in  May,  1882,  the 
thin  walls  threatened  to  require  putting  the  furnace  out  of  blast,  but 
that  it  made  its  own  repairs,  and  continued  in  operation  until  Sep- 
tember, 1885,  when,  on  blowing-out  the  available  thickness  of  the 
firebrick  walls  was  but  4|  inches;  the  accumulated  material  which 
lay  against  them  or  which  formerly  may  have  been  adhering  to  the 
walls  having  formed  a  refractory  lining.  This  experience  at  War- 
wick furnace  is  not  unique.  Other  furnaces  have  been  able  to  con- 
tinue in  successful  operation  by  reason  of  an  accumulation  protect- 
ing the  brick-work,  long  after  the  necessity  of  blowing-out  had  been 
deemed  imminent. 

The  record  presented  of  the  operation  of  the  Warwick  furnace 
very  properly  encourages  comparisons  with  results  obtained  at  other 
plants,  differing  in  dimensions,  in  ores  or  fuels  used,  and  in  the 
temperature  of  blast  employed  ;  and  the  general  verdict  is  that  even 
better  results  would  have  been  obtained,  had  the  furnace  been 
higher,  or  of  greater  cubical  contents  ;  or,  had  richer  ores  been  used, 
or  had  coke  alone  been  employed,  or  had  the  temperature  of  blast 
been  higher:  any  of  the  above  conditions  being  usually  considered 
as  advantageous,  and  all  combined  as  adding  materially  to  the  out- 
put and  largely  augmenting  the  economy  of  operation. 

Without  desiring  to  question  the  value  of  increased  height,  within 
reasonable  limits,  I  think  sufficient  practical  data  are  not  at  hand 
to  demonstrate  the  superiority  of  very  large  furnaces  over  those  of 
moderate  dimensions,  although  that  superiority  may  be  theoretically 
argued.  Other  things  being  equal,  a  rich  ore  will  naturally  im- 
prove the  yield  of  the  furnace,  and  increase  its  economical  operation  ; 
and,  with  richer  ores  and  a  higher  stack,  it  is  not  unfair  to  prophesy 
even  better  results  than  were  obtained  in  the  Warwick  furnace. 
This  would  seem  evident  from  the  following  published  record  of 
the  furnace  of  the  Ohio  Iron  Company  at  Zanesville,  Ohio,  as  given 
in  the  Iron  Trade  Review. 

The  figures  cover  two  campaigns — one  of  46  weeks,  from  June  2, 
1882,  to  May  19,  1883,  with  the  furnace  59'  high  by  13'  bosh, 
making  19,495  tons,  and  the  other  26  weeks,  from  February  4, 
1885,  to  August  11,  1885,  with  the  furnace  enlarged  to  75'  high  by 
15'  6"  bosh,  making  16,913  tons  of  pig-iron: 


*  Transactions,  xiv.,  851. 
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Pimensions,  etc. 
Height  of  furnace, 
Diameter  of  Iweh, 
Diameter  of  hearth,    . 
Height  of  tuyeres  above  floor, 
Number  of  tuyeres, 
Diameter  of  nozzles,   . 
Diameter  of  bell, 
Diameter  at  st(.K"k  line, 
Three  Whitwell  stoves. 
Average  temperature  of  blast, 
Two  engines,  steam  cylinder, 

Blast  cylinder. 
Average  amount  of  iron  made  per  diem, 
Fuel  consumption  per  ton  iron — 

50.70  bushels  coke,  I   .3  ^ughels,  . 

22.30        "       coal,    * 
Fuel  consumption  per  ton  iron — 

42.75  bushels  coke,  |  55  gl  bushels, 

12.46        "       coal,    i 
Yield  of  ore  mixture. 
Limestone  per  ton  iron. 
Best  week's  run,  .... 

Fuel  per  ton  in  best  week,  . 


Old. 

Enlarged. 

50' 

75' 

13' 

15'  6" 

8' 

8' 

5' 6'' 

5' 6" 

5 

5 

5i" 

5.1" 

4/9// 

4'  9" 

10'  6" 

11' 

17'.x65' 

17'x65' 

1400=  F. 

1400°  F. 

32".x60" 

32"x60" 

72"x60" 

72"x60" 

60  54  tons. 

92.93  tons. 

2920  lbs. 


55.43  per  cent. 

1  ton. 

548  tons,  226  lbs. 

2330  lbs. 


2208  lbs. 

59.70  per  cent. 

.51  ton. 
758  tons,  516  lbs. 
1960  lbs. 


In  the  above  calculation  1  bushel  of  coal  of  80  pounds  is  taken 
as  equal  to  1  bushel  of  coke  of  40  pounds.  The  weights  given  are 
therefore  calculated  coke-equivalents,  and  the  actual  weights  charged 
were  3812  pounds  with  the  low  furnace  and  2707  pounds  with  the 
new  shape.  How  much  of  the  increased  yield  or  lower  fuel-consump- 
tion is  due  to  the  richer  ore,  to  the  increase  in  the  proportion  of  coke 
charged  from  69.4  per  cent,  to  77.4  per  cent.,  to  the  greater  diameter 
at  bosh  and  the  changed  proportions  of  the  furnace  other  thau 
height,  to  the  general  repair  and  improvement  which  ordinarily  ac- 
companies remodelling,  or  to  the  advance  in  practice  during  two 
years  of  business  depression,  it  is  impossible  to  determine. 

In  both  campaigns  the  amount  of  mill-cinder  was  about  the  same, 
say  25  per  cent.,  but  in  the  first  blast  another  25  per  cent,  was  na- 
tive carbonate  ores,  carrying  high  silica.  The  ore-mixture  only 
yielded  55.43  per  cent,  as  against  59.70 ;  it  was  also  more  siliceous, 
both  from  the  nature  of  the  material  used  and  as  is  evidenced  by 
the  higher  lime  required.  This  was  one  cause  of  the  larger  fuel- 
consumption. 

In  the  last  blast,  about  25  j)er  cent,  was  mill-cinder,  and  the 
balance  was  made  up  of  Lake  Superior  ores,  with  the  exception  of 
some  2700  tons  of  magnetic  ore.     The  Superior  ores  were  part  No. 
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1  and  No.  2  specular  ores  and  hematites,  carrying  at  least  an  average 
of  6  per  cent,  silica.  A  noticeable  feature  in  the  work  was,  that  up 
to  the  time  that  14,054  tons  were  made,  the  average  fuel-consumption 
was  2150  pounds  to  the  ton.  Some  magnetic  ore  was  then  used, 
and  the  fuel  went  up  to  2208  pounds  for  the  whole  amount  of  iron 
made.  In  these  figures  the  raw  coal  is  reduced  to  assumed  coke- 
equivalents,  which  prevents  the  using  of  these  data  for  direct  com- 
parison with  other  blast-furnace  results  ;  the  employment  of  mixed 
fuels  generally  introducing  complication  into  such  calculations. 

The  use  of  coke  in  connection  with  anthracite  coal  has  been,  it  is 
believed,  rendered  necessary  rather  by  the  circumstance  that  the 
machinery  of  older  plants  was  insufficient  to  meet  the  requirements 
of  modern  practice,  than  on  account  of  any  inherent  inferiority  of 
anthracite  as  a  blast-furnace  fuel.  If,  as  seems  to  be  demonstrated, 
fuels  rank  in  value  in  proportion  to  their  surface-exposure,  charcoal 
is  superior  to  coke,  and  coke  excels  anthracite,  as  a  blast-furnace 
fuel  ;*  but  as  higher  pressure  of  blast  increases  the  value  of  coke  as 
a  fuel,  so  a  further  intensity  augments  the  results  with  anthracite. 
It  has  been  the  general  custom  to  charge  anthracite  in  large  lumps, 
thereby  offering  a  minimum  of  surface  exposure  for  a  given  weight, 
but  that  practice  has  lately  given  way  to  the  use  of  what  is  in  the 
trade  known  as  "  steamboat"  size,  with  improved  result.  A  still  fur- 
ther reduction  in  size  will,  it  is  believed,  be  advantageous  by  offering 
greater  surface  exposure,  but  at  the  expense  of  increased  blast-pres- 
sure; and  the  suggestion  is  offered,  that  in  a  plant  specially  equipped 
to  use  anthracite  coal  in  small  pieces  results  may  be  obtained  which 
will  demonstrate  its  real  value  as  a  fuel  for  blast-furnaces. 

Without  going  into  heat-calculations,  it  seems  safe  to  assert  that 
if  900°  temperature  of  blast  is  better  than  600°,  then  1200°  should 
be  preferred  to  900°,  and  1500°  to  1200°  ;  but  it  is  equally  safe  to 
assert  that  the  large  economies  promised  by  the  application  of  what 
may  be  termed  superheated  blast  have  not  been  realized  ;  and  records 
may  be  noted  which,  although  accomplished  with  temperatures  not 
exceeding  1000°  F.,are  unequalled  by  better-equipped  plants  using 
equally  good  stock. 

Results  obtained  at  various  blast-furnaces  are  presented  below 
for  comparison  with  those  of  the  Warwick  furnace  and  with  others 
which  have  been  or  may  be  given  in  the  discussion. 

Furnace  E,  of  the  Edgar  Thomson  Steel  Works  (20'  X  80')  made, 

*  Vide  p.  149. 
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from  June  27th,  1882,  to  March  13th,  1884,  a  product  of  105,741 
gra-is  tons  of  Bessemer  iron  on  a  consumption  of  2822  i)ounds  of 
coke  per  ton  of  iron.  (See  Fig.  5.) 

Furnace  D,  M-ith  the  same  lines,  made  from  April  18th,  1882,  to 
October  30th,  1883,  a  product  of  90,317  gross  tons  of  Bessemer  iron 
on  a  consumption  of  2620  pounds  of  coke  per  ton  of  iron. 

Furnace  D,  as  blown  in,  September,  1885  (22'  X  80')  (see  Fig.  4) 
is  making  at  present  210  gross  tons  of  Bessemer  iron  per  day,  on  2050 
pounds  of  fuel  per  ton  of  iron,  this  being  the  record  for  seven  weeks. 
The  best  week's  work  averaged  218  gross  tons  daily  on  1993  pounds 
of  coke.  The  yield  of  ore  in  the  furnace  is  60  per  cent.  The  tem- 
perature of  blast  1100°  F.  For  this  data  I  am  indebted  to  Mr. 
James  Gayley,  superintendent. 

The  record  of  a  short  blast  (August  10th  to  December  1st,  1885), 
of  the  Pine  Lake  furnace,  Michigan  (bosh  diameter  10  feet  4  inches, 
height  50  feet,  blown  with  five  tuyeres)  is  furnished  by  Mr.  R.  M. 
Cherrie  as  follows  :  The  stock  used  was 

2,269,677  pounds  hard  ore,        .         .      1  r    i     c;         •      T~k*  .  •  » 
'        *^  '  I  Lake  buperior  District. 

12,838,547  pounds  soft  ore,  .        .      J 

Total,  15,108,224  pounds  =  6,744.74  gross  tons. 

486,130  pounds  flux  =  217.02  gross  tons. 

348,792  bushels  of  charcoal  (22  pounds  each)  charged  hy  weight. 

There  was  used  in  filling  the  furnace  2160  bushels  of  charcoal, 
which  is  included  in  the  above. 

Made  3925  ,|^-q  tons  of  iron.  Of  this  26.4  percent,  was  No.  1,  14 
per  cent.  No.  2,  and  19  per  cent.  No.  3,  and  the  remainder  higher 
numbers. 

The  temperature  of  the  blast  ranged  from  700°  to  85  )°,  the  aver- 
age being  from  750°  to  800°. 

The  actual  time  in  blast  was  99  days,  and  the  results  ol)tained 
were  an  average  product  of  39.65  tons  of  pig  iron  per  day  from  ores 
yielding  58.19  per  cent,  of  iron  and  requiring  3J  per  cent,  of  flux. 

The  fuel  consumption  for  the  entire  blast  was  88.86  bushels  = 
1954.92  pounds,  or  deducting  for  filling  of  furnace  for  blowing  in 
88.3  bushels  =  1942.6  pounds. 

Mr.  Lee  Burt  writes  that  the  Vulcan  furnace,  Michigan  (10  feet  6 
inches  diameter  of  bosh,  by  53  feet  in  height),  for  seven  months, 
September,  1885,  to  April,  1886,  averaged  51.1  tons  of  iron  per 
day  from  ores  yielding  60  per  cent,  iron,  the  consumption  of  fuel 
per  ton  of  iron  ranging  between  1900  and  2000  pounds  of  charcoal. 
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Seven  tuyeres,  each  of  3^  inches  diameter,  blow  into  a  hearth  7  feet 
2  inches  in  diameter,  4  feet  above  the  floor. 

Mr.  John  Hartman,  in  a  published  record  of  a  selected  week's  ope- 
ration of  the  Franklin  furnace,  New  York,  furnishes  the  following 
data : 

Diameter  of  hearth,  9  feet;  diameter  of  bosh,  14  feet;  height,  70 
feet;  diameter  at  stock-line,  11  feet;  diameter  of  bell,  6  feet  6  inches. 

Fuel  per  ton  of  pig  iron  (63^  per  ct.  coke,  36j  per  ct.  anthracite  coal),    .  2,538  lbs. 

Ore  per  ton  of  pig  iron, .         .         .  5,091   " 

Limestone  per  ton  of  pig  iron, 1,426  " 

Cubic  feet  of  air  per  minute,* 13,514 

Temperature  of  blast, 1,100°  F. 

Gross  tons  of  iron  made,        .........        614 

Cinder  made  per  ton  of  pig  iron, 2,474  lbs. 

Contents  of  furnace, 6,731  cu.  ft. 

^Grade  of  Iron :  342  tons  No.  1,  260  tons  No.  2,  12  tons  No.  3. 

The  ore,  a  fossiliferous  hematite,  composed  principally  of  fine 
grains  or  shots,  is  of  the  following  composition  : 

Iron, 44.00 

Silica, 12.20 

Alumina, 5.04 

Lime, 6.30 

Magnesia, 3.30 

Carbonic  acid, 6.20 

Water, 4.10 

Oxygen, 18.86 

Analysis  of  the  Cinder  : 

Silica i        .  35.98 

Alumina, 11.80 

Lime, 43.67 

Magnesia, 6.38 

Sulphur, 1.12 

Oxide  of  iron,    ..........  1.02 

The  published  record  of  three  furnaces  of  the  North  Chicago 
Rolling  Mill  Company  for  six  months,  ending  December  31st,  1885, 
is  as  follows:  The  ore  mixture  yielding  62  per  cent,  and  the  blast 
temperature  being  1300°.     The  furnaces  are  each  20  feet  X  80  feet. 


*  Equivalent  to  2  cubic  feet  per  minute  for  each  cubic  foot  of  furnace  capacity. 
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Month. 

Furnace  No.  5. 

Furnace  No.  6. 

Furnace  No  7. 

Totals. 

Iron. 

Coke. 

Iron. 

Coke. 

Iron. 

Coke. 

Iron. 

Coke. 

Julv 

5,559 
5,467 
5,735 
5,478 
5.796 
5,752 

2.127 
1,967 
1,981 
1,954 
1.954 
1,912 

5,532 
5.510 

5.883 
5.827 
6.126 
5,987 

2,105 
1,994 
1,968 
1,948 
1,966 
1,911 

6,075 
5.978 
6,488 
5,989 
6,242 
5.926 

2,012 
1,875 
1,897 
1,941 
1,S77 
1,892 

17,166 
16,955 
18,106 
17,204 
18,014 
17,905 

2,078 
1,947 
1,947 
1,947 
1,932 
1,905 

A\igiist 

September... 

October 

November... 
December.... 

Total 

33,787 

1,980 

34,865 

1,976 

36,698 

1,912 

105,350 

1,955 

This  shows  the  tons  of  iron  produced  by  each  furnace  each  month, 
with  tlie  pounds  of  coke  used  for  each  ton  produced. 

Mr.  John  J.  Fronheiserof  the  Cambria  Iron  Company,  under  date 
of  April  7th,  writes:  "  We  consider  our  No.  6  furnace  of  the  best  size 
and  shape  for  the  ores  we  work.  It  is  75  feet  in  height,  19  feet  bo.sh, 
and  is  blown  through  6  tuyferes  6  inches  wide  at  the  nose.  (See  Fig.  3.) 

"This  furnace  has  now  been  in  constant  operation  3|  years,  and 
still  looks  as  healthy  as  it  did  after  the  end  of  first  year.  Until  now  it 
has  made  in  this  campaign  170,588  gross  tons  of  Bessemer  metal  from 
an  ore-mixture  yielding  48.5  per  cent,  of  iron,  consuming  on  an  aver- 
age 2460  pounds  of  coke  per  2240  pounds  of  metal.  With  richer 
ores  we  have  made  2240  pounds  of  metal  with  less  than  2100  pounds 
of  coke.  However,  with  our  lean  mixture,  yielding  more  than  two 
tons  of  cinder  per  ton  of  metal,  we  are  obliged  to  use  more  fuel." 

The  annexed  statement  gives  some  comparative  data  concerning 
the  results  obtained  at  Warwick  furnace,  described  in  my  former 
paper.  Column  A  represents  the  average  of  the  entire  blast,  and 
Column  B  the  operation  during  the  best  eight  consecutive  weeks' 
work  of  that  blast. 


A. 


Diameter  of  bosh, . 

Diameter  of  crucible. 

Height  of  furnace, 

Contends  in  cubic  feet, 

Number  of  tuyeres. 

Gross  tons  of  iron  made  in  24  hours, 

Number  of  days,   .... 

Cubic  feet  of  contents  per  gross  ton  of  iron 

made  in  24  hours, 
Yield  of  ore  per  cent., 
Per  cent,  of  flux  to  ore, 
Pounds  of  fuel  (|  anthracite,  \  coke)  used 

per  ton  of  iron,  ..... 
Pounds  of  ore  and  flux  per  pound  of  fuel, 
Temperature  of  blast,   .... 


15  feet  6  inches. 

15  feet  6  inches 

6  feet  6  inches. 

6  feet  6  inches 

55  feet  6  inches. 

55  feet  6  inches. 

4812.93 

4812.93 

6 

6 

59.0857 

71.25 

1715 

56 

81.457 

67.55 

50.5 

58.4 

40.6 

38 

2920 

2200.8 

2  136 

3.5 

866° 

SIS* 
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Fig.  1. 


Fio.  3 


Fig.  4. 


Fig.  5. 


-.=^^ 


Blast-furnace  sections. 
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Similar  calculations  of  records  given  during  the  discussion  would 
l)e  valuable  as  indicating  true  economies  and  possibly  pointing  out 
their  causes. 

The  accompanying  plate  shows  the  general  dimensions  drawn  to 
uniform  scale  of  some  of  the  furnaces  mentioned  above. 

Fig.  1  represents  the  shape  of  the  Warwick  furnace  during  its 
long  blast,  1880  to  1885. 

Fig.  2  illustrates  the  changes  made  in  the  latter  part  of  1885  and 
the  present  shape  of  the  Warwick  furnace. 

Fig.  3  shows  the  dimensions  of  Furnace  No.  6  of  the  Cura.bria 
Iron  Company,  Johnstown,  Pa. 

Figs.  4  and  5  represent  the  shapes  of  Furnaces  D  and  E  of  the 
Edgar  Thomson  Steel  Works. 

Discussion. 

Edgar  S.  Cook,  Pottstown,  Pa. :  By  reference  to  Mr.  Birkin- 
bine's  paper  on  the  Warwick  furnace,  read  at  the  Pittsburgh  meet- 
ing, it  will  be  found  that  the  much  discussed  "dirt-troubles"  gave 
rise  to  disastrous  and  serious  results  in  the  years  1880  and  1881. 
Over  five  years  have  now  elapsed.  What  was  novel  then,  and  for 
several  years  later,  has  become  at  this  day  more  or  less  familiar  to 
furnace-managers.  Many  troubles  are  now  attributed  to  "dirt" — 
freijuently  without  sufficient  grounds. 

The  study  of  the  same  paper  will  also  show  that  the  management 
of  the  Warwick  furnace  learned  to  contend  successfully  with  the 
irregularities  known  as  dirt-troubles.  While  no  remedy  could  be 
found  to  prevent  their  recurrence  with  the  furnace  as  then  con- 
structed, yet  the  records  of  the  five-year  blast  show  that  so  far  as  the 
product  and  grade  of  iron  are  concerned,  as  well  as  the  economical 
results,  their  influence  was  reduced  to  a  minimum.  Considering 
the  experience  derived  from  this  apprenticeship,  supported  by  the 
actual  work  accomplished,  it  is  hardly  probable  that  publicity  was 
given  to  the  workings  of  the  Warwick  furnace  for  the  purpose  of 
ascertaining  the  ways  and  means  of  managing  a  furnace  subjected  to 
these  irregularities.  At  the  time  when  advice  and  assistance  were 
most  needed  and  would  have  been  most  willingly  accepted,  they 
were  not  to  be  found,  but  instead,  only  profound  ignorance  of  such 
phenomena,  except  in  one  or  two  instances,  or  the  confident  asser- 
tion, "  Your  furnace  is  scaffolded." 

I  consented  to  publicity,  on  the  contrary,  only  at  the  repeated  re- 


1Q0  COMPARISONS   OF    BLAST-FURNACE    RECORDS. 

quests  of  numerous  acquaintances,  and  with  the  thought  that  a  full 
and  free  discussion  of  the  phenomena  might  develop  some  other 
similar  experiences  that  would  aid  in  the  solution  of  the  problem, 
not  how  to  manage  the  "  dirt,"  but  how  to  prevent  its  accumulation 
and  thus  add  still  more  to  the  efficiency  of  the  blast-furnace  working 
with  anthracite  fuel. 

The  literature  of  the  blast-furnace  is  quite  limited,  particularly 
that  portion  relating  to  the  practical  management.  Mr.  Birkinbine 
became  interested  with  the  object,  not  only  of  adding  directly  to 
this  literature,  but  also  of  drawing  forth  the  experiences  of  the  prac- 
tical and  able  men  in  the  business,  which  would  form  valuable 
additions  to  the  scanty  publications  on  the  subject,  and  be  of  aid  to 
all  managers,  but  more  particularly  to  the  younger  men,  and  those 
with  the  least  practical  knowledge. 

Blast-furnace  practice  has  improved  greatly  in  the  last  six  years. 
Without  this  advance,  the  improvement  in  blast-furnace  construction 
would  have  availed  but  little  in  increasing  the  product  of  iron  and 
reducing  the  consumption  of  fuel.  It  was  to  be  expected  that  the 
pioneers  would  meet  with  novel  experiences — some  of  one  kind  and 
others  of  another,  depending  upon  the  varying  conditions.  The  im- 
proved practice  would  never  have  resulted  had  we  all  been  contented 
to  rest  upon  earlier  prejudices  and  willing  to  accept  stereotyped 
causes  for  certain  results.  Different  causes  frequently  produae  simi- 
lar results,  and  this  is  particularly  true  of  blast-furnace  operations. 
If  a  certain  cause  is  accepted  as  responsible  for  any  one  irregularity, 
simply  because  it  has  always  been  so  assumed,  and  it  unfortunately 
proves  to  be  the  wrong  cause,  no  progress  in  the  art  is  possible. 
Investigations  must  be  instituted  covering  long  periods,  and  extreme 
care  must  be  taken  not  to  draw  conclusions  too  quickly,  and  with- 
out sufficiently  well-established  premises. 

Fine  ores,  of  a  mechanical  constitution  similar  to  sand  or  loamy 
earth,  as  distinguished  from  coarse  ores,  varying  in  size  from  what 
is  generally  known  as  stove-coal  to  that  of  egg  or  broken  coal,  cer- 
tainly add  to  the  labors  of  furnace-management.  Their  use  increases 
the  risk  of  troublesome  and  even  dangerous  irregularities.  That 
such  ores  can  be  worked  successfully  to  the  extent  of  50  per  cent, 
and  even  more  of  the  ore-burden,  does  not  admit  of  doubt.  I  have 
worked  them  repeatedly  and  successfully,  and  so  have  many  others. 
At  the  same  time,  other  things  being  equal,  I  would  much  j^refer 
moderately  coarse  stock.  So  far  as  the  dirt-troubles  are  concerned, 
I  did  not  find  that  using  coarse  stock  exclusively  removed  them. 
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Although  with  such  ore  the  furnace  was  handled  with  greater  ease, 
owing  probably  to  the  more  uniform  distribution  of  the  gases,  than 
with  tine  ores,  yet  the  dirt-troubles  proved  at  intervals  to  be  quite 
as  serious  with  coarse  as  with  mixed  ores. 

The  terra  "scaffold  "  seems  to  be  acquiring  a  wider  meaning  than 
formerly.  If  any  and  every  accumulation  and  lodgment,  or  stock 
that  is  not  in  active  movement,  is  a  scaffold,  then  dirt-troubles 
would  be  correctly  classed  as  scaflfblds.  My  understanding  of  a 
scafllbld  is  the  firm  adhesion  of  the  stock  to  the  walls  of  the  furnace, 
securely  cemented  in  the  first  j)lace  by  fusion,  as  coal  fuses  into  the 
brick  lining  of  a  stove.  Such  accumulations  are  more  or  less  per- 
manent, and  are  only  removed  by  extraordinary  efifbrts.  During 
their  existence,  except  in  special  cases,  the  work  of  the  furnace  is 
exceedingly  irregular.  The  iron-product  is  not  only  of  constantly 
varying  grade,  as  well  as  greatly  reduced  quantity,  but  the  quality 
of  the  iron,  whatever  the  mixture  of  ores  employed,  is  usually  infe- 
rior for  whatever  purpose  used.  The  fuel-consumption  runs  high 
in  such  cases. 

It  is  possible  for  a  furnace  to  be  so  scaffolded  as  not  to  affect  the 
r^ularity  of  work  in  the  slightest  degree — merely  reducing  the  out- 
put of  iron  in  proportion  to  the  reduced  size  of  the  furnace.  In  this 
instance,  the  scaffold  matter  is  evenly  distributed  all  around  the  fur- 
nace, say  from  the  top  of  the  tuyere  arches  to  the  top  of  the  boshes, 
and  extending  a  short  distance  up  along  the  inwall.  Without  hav- 
ing any  positive  information  on  the  subject,  I  would  suppose  that 
the  English  furnaces  of  large  size  and  only  moderate  product,  making 
blasts  of  ten  to  twelve  years'  duration,  are  thus  scaffolded.  The 
scaffold  matter  answers  the  purposes  of  fire-brick.  Usually,  how- 
ever, as  most  managers  know  to  their  sorrow  (for  few  have  escaped 
this  experience),  scaffolds  form  on  one  side  or  the  other,  or  so  com- 
pletely fill  the  shaft  of  the  furnace  as  to  leave  but  a  small  opening 
for  the  passage  of  stock  ;  nine  times  out  often  they  act  as  first  stated 
above. 

The  subject  of  scaffolds,  though  interesting,  is  too  broad  to  enter 
upon  here.  Many  different  causes  are  responsible  for  their  forma- 
tion, coal-dirt,  in  anthracite  practice,  being  a  not  infrequent  source. 

Accumulations  and  lodgments  not  fused  to  the  walls  are  constantly 
forming  in  every  furnace,  as  constantly  removed  by  the  furnace  it- 
self and  re-formed.  Occasionally  irregularities  are  j)roduced  by 
them  resembling  in  some  degree  the  working  of  a  scaffolded  furnace. 
These  temporary  accumulations  may  account  for  the  varying  weekly 
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yields  of  a  furnace  using  essentially  the  same  ores,  blown  with  the 
same  volume  of  air,  heated  to  the  same  degree.  The  yields,  in  a 
measure,  follow  the  sizes  of  the  furnace. 

It  is  laid  down  as  an  axiom  by  some  of  our  learned  furnace  engi- 
neers, that  "the  full  area  of  the  bosh  is  indispensable  to  good  work- 
ing." As  a  general  rule,  this  statement  may  be  accepted  as  true. 
If  my  definition  of  a  scaffold  is  correct,  and  we  accept  the  axiom 
just  quoted,  how  could  the  Warwick  furnace  have  been  scaffolded 
during  the  continuance  of  the  five-year  blast  ?  How  will  the  records 
of  the  work  performed,  as  given  by  Mr.  Birkinbine,  be  reconciled 
with  the  generally  accepted  workings  of  scaffolded  furnaces,  and  the 
assertion,  "The  full  area  of  the  bosh  is  indispensable  to  good  work- 
ing"? If  it  should  still  be  insisted  that  the  furnace  icas  scaffolded, 
then  scaffolds  will  be  robbed  of  many  of  their  terrors  to  the  hard- 
working furnace  manager. 

Moreover,  the  quality  of  the  iron  made  was  of  high  standard  for 
mill  purposes,  as  shown  by  repeated  analyses  of  Booth,  Garrett  & 
Blair,  and  A.  S.  McCreath.  The  extremes  during  the  five  years' 
blast  were  as  follows  : 

Silicon, 0.4  to  0.9  per  cent,  gray  forge. 

Phosphorus 0.2  to  0.8 

In  the  fall  of  1884  it  wa.s  decided  to  make  a  low-phosphorus 
mill- iron,  and  to  keep  it  as  uniform  in  phosphorus  as  possible.  Ar- 
rangements were  made  with  Mr.  A.  S.  McCreath  to  do  our  analytical 
work,  and  the  results  herewith  given  were  obtained  by  him  from 
samples  representing  in  each  instance  from  four  to  six  days'  make 
of  iron.  Borings  were  taken  from  each  cast,  thoroughly  mixed  and 
averaged.  Our  object  was  to  keep  the  phosphorus  between  0.3  and 
0.4  per  cent.  The  analyses  show  that  the  iron,  instead  of  being 
irregular  and  inferior,  as  we  would  naturally  expect  from  a  scaf- 
folded furnace,  runs  remarkably  uniform  both  in  silicon  and  phos- 
phorus : 

Phosphorus.  Sulphur.             Grade. 

0.25  No.  2  foundry. 

0.376  0.012            "        " 

0.347  Gray  forge. 

0.352  " 

0.256  " 

0.364  " 

0.435  No.  2  foundry. 

Since  blowing  in  with  reconstructed  furnace,  December,  1885,  the 
dirt-troubles  have  not  been  absent;  but  they  have  been  so  managed 


Date. 

Silicon 

January, 

1885,    . 

1.4 

February 

»            • 

1.03 

March, 

" 

0.614 

April, 

(( 

0.502 

May, 

(( 

0.565 

June, 

(1 

0.653 

July, 

t( 

1.026 
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as  not  to  atfet't  seriously  the  yield  of  the  furnaces — telling  more  par- 
ticularly on  the  fuel-consumption. 

The  record  for  the  present  blast  up  to  May,  1886,  is  as  follows : 


Average  weekly  yield,  22  weeks 564  tons  (2208  lbs.) 

"  "  "       21      ''     excluding  blowing-in,  576i  tons. 

"  yield  of  ore,         .... 

"  ct>nsiimption  of  fuel,  J  coke,  J  coal, 

"  consumption  of  limestone, 

"  volume  of  air  per  minute,  10,203  cubic  feet 

"  lieat  of  air, 

"  pressure  at  tuyeres, 


"        stoppages  per  week, 
Largest  weekly  yield,     . 
daily  '    "    " 

Grade  of  iron : 


49.8  per  cent. 
1.2  tons. 
0.63  tons, 
.engine  measurement, 
937°  Fahr. 
7.9  lbs. 
250  minutes. 
654J  tons  (2268  lbs.). 
103      " 


No.  2  X, 

No.  2  and  No.  3,  . 

Mottled, 

White, 


3.9  per  cent. 
92.4       " 
1.4       " 
2.3       " 


The  analyses  of  iron  for  the  period  covered  are  as  follows,  per  re- 
jiorts  of  Mr.  A.  S.  McCreath — samples  selected  as  previously  stated  : 


Date. 

Silicon. 

Phosphorus. 

Sulphur. 

Grade. 

December,  1885, 

.     0.966 

0.406 

0.08 

No.  2  foundry. 

January,  1886, 

.     0.909 

0.436 

0.07 

No.  2  &  No.  3. 

February,  " 

.     0.795 

0.398 

0.04 

Gray  forge. 

March,        " 

.     0.544 

0.372 

« 

April, 

.     0.337 

0.39 

0.08 

« 

l(                        K 

.     0.770 

0.39 

0.05 

No.  2  &  No.  3 

Several  mechanical  tests  have  been  procured  from  customers  at 
intervals,  and  are  here  inserted  to  show  that  the  practical  working 
of  the  iron  is  what  would  be  expected    from  the  analyses: 


Date. 

Tensile  Strength. 

Ductility. 

February, 

• 

• 

.     52,700  lbs. 
.     56,350  lbs. 

24.6  per  cent. 
29.4  per  cent 

March,     . 

.     53,205  lbs. 

22.4  per  cent 

April, 

. 

.     49,935  lbs. 

21.6  per  cent. 

Elongation 

in  8  inches,  14.1 

per 

cent. 

These  tests  were  made  by  different  parties,  and  together  with 
analyses,  show  the  uniformity  of  the  iron. 

It  would  appear  that  these  proofs  are  incompatible  with  the  idea 
of  a  "scaffolded  "  furnace,  in  the  ordinary  and  generally  accepted 
meaning  of  the  term. 
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It  was  hoped  that  the  new  construction  would  obviate  our  dirt- 
difficulty,  but  we  were  mistaken. 

During  the  winter  of  1884-85  plans  were  prepared  for  repairs, 
giving  the  crucible  7|  feet  diameter.  It  was  our  intention  to  blow 
out  in  the  spring  of  1885,  owing  to  the  condition  of  the  hot-blast 
stoves  ;  but  the  exceptionally  good  working  of  the  furnace  induced 
us  to  delay  blowing-out  until  September.  Influenced  by  the  record 
made  from  January  to  July,  1885, 1  was  induced  to  enlarge  the  cru- 
cible in  our  plant  to  8'  9".  I  thought  if  we  made  the  crucible  too 
small,  it  would  be  impossible,  with  thin  walls,  to  remedy  the  error, 
while,  if  it  proved  too  large,  we  could  apply  some  remedy  so  that 
the  results  would  not  be  serious.  While  with  the  8'  9"  crucible  we 
may  be  making  somewhat  more  iron  than  with  one  of  7|  feet,  yet 
with  the  latter  I  feel  convinced  we  would  experience  less  annoyance 
from  dirt-troubles  and  would  produce  iron  with  less  fuel. 

While  open  to  conviction,  I  have  not  yet  seen  or  heard  anything 
that  would  change  my  opinion  as  to  the  cause  of  dirt-troubles,  or 
the  accumulation  in  furnace  of  ore-sand.  I  still  adhere  to  the  view 
expressed  in  the  discussion  at  the  Pittsburgh  meeting,  admitting,  as 
there  stated,  that  somewhat  similar  results  may  be  produced  by  other 
causes. 

The  equilibrium  tliat  should  exist  between  the  upper  and  lower 
portions  of  the  furnace — say  the  reducing  and  smelting  regions — is 
disturbed  by  the  undue  enlargement  of  the  boshes.  Whether  this 
is  accomplished  by  the  melting  away  of  the  brick-work  or  whether 
the  crucible  is  built  too  large  for  the  shaft  of  the  furnace,  the  results, 
though  not  identical,  are  similar. 

Experience  has  shown  that  when  the  crucible  is  too  small  com- 
pared with  the  heights  of  the  shaft  or  reducing  portion,  melted  scaf- 
folds are  almost  sure  to  form  ;  and,  I  think,  experience  will  also  show 
that  when  the  crucible  is  too  large  compared  with  the  shaft,  ore-sand 
accumulations,  causing  dirt-troubles,  are  almost  sure  to  form.  Hence, 
unduly  large  crucibles  are  not  conducive  to  the  lowest  fuel  consump- 
tion, or  the  greatest  ease  of  working,  with  anthracite  as  the  chief  fuel. 

Large  crucibles  with  correspondingly  large  shafts,  well  supported 
with  engines,  boilers,  and  stoves,  are,  of  course  capable  of  produc- 
ing more  iron  in  the  same  time  than  smaller  furnaces.  It  is  not 
large  crucibles  in  large  furnaces,  but  large  crucibles  in  comparatively 
small  furnaces  that  are  referred  to  as  the  probable  cause  of  the  ir- 
regularities now  known  as  dirt-troubles,  taken  in  connection  with 
comparatively  low  fuel-consumption. 


COMPARISONS   OF   BLAST-FURNACE   RECORDS.  165 

David  H.  Thomas,  Troy,  X.  Y. :  The  fine-dirt  trouble  experi- 
eneetl  in  the  furnaces  of  the  Thomas  Iron  Company,  Pennsylvania, 
was  similar  to  that  of  the  Warwick  furnace,  and  first  gave  trouble 
when  the  Liirmann  front  or  einder-notch  was  adopted,  and  the 
tuyeres  were  raised  to  5  feet  from  3  feet  6  inches  and  4  feet  above 
the  bottom.  Furnaces  Nos.  1  and  8  were  the  first  to  be  changed, 
and  were  the  first  to  give  trouble.  As  I  had  charge  of  No.  8  fur- 
nace, which  is  one  of  a  pair  situated  at  Lock  Ridge  near  Alburtis,  I 
will  give  my  experience  with  her. 

When  No.  8  was  repaired,  she  was  given  the  lines  shown  in  Fig. 
9,  having  7  tuyeres,  all  pointing  towards  the  centre,  and  8  feet  from 
point  to  point  of  tuyere.  I  had  a  very  successful  blow-in,  in  the 
month  of  August,  1881.  Everything  worked  well  and  gave  satis- 
faction to  all,  until  the  fourth  week,  when  the  furnace  began  to 
work  very  gray,  and  the  consumption  of  fuel  came  down  from  1 
ton  12  cwt.  to  1  ton  6  cwt.  per  ton  of  iron.  This  week  ended 
with  the  1  A.M.  cast  Saturday.  On  the  following  Sunday  the  first 
fine-dirt  trouble  ever  experienced  in  any  of  the  Thomas  Iron  Com- 
pany's furnaces  began.  The  7  a.m.  cast  on  Sunday  was  No.  1  and 
No.  2  iron.  When  the  blast  was  taken  off  after  casting  the  furnace 
made  a  drop  of  5  feet,  and  when  the  blast  was  again  put  on  the  pres- 
sure on  the  engine  had  risen  2  pounds,  and  the  gas  was  very  dirty, 
covering  the  boiler  with  a  brown  deposit.  The  stock  began  slipping 
instead  of  sinking  steadily.  In  all  the  slipping  or  dropping  the 
stock  always  remained  level.  As  soon  as  the  cinder  rose  to  the 
tuyeres  they  began  to  work  dirty  and  dark  and  the  cinder  changed 
from  a  light  gray  to  a  heavy  dark.  At  the  next  cast,  at  1  p.m.,  the 
iron  was  No.  2  mill,  and  at  7  p.m.,  white.  After  putting  on  the  blast 
after  the  last  cast,  things  began  to  look  serious.  The  pressure  rose 
to  12  pounds,  and  the  furnace  stopped  making  gas.  The  blast  was 
on  four  hours  before  any  sign  of  cinder  appeared  at  the  tuyeres. 
AVe  tried  to  tap,  but  found  neither  iron  nor  cinder  at  either  the  cin- 
der- or  the  iron-notch.  From  this  time,  in  spite  of  everything  we 
did,  we  lost  all  the  tuyeres  except  the  front  one,  which  was  over  the 
dam  and  2  feet  6  inches  to  the  left  of  the  cinder-notch.  The  blast 
was  then  shut  off  from  all  the  tuyeres  except  the  front  one.  The 
cinder-block  and  water-box  were  removed,  and  by  hard  work  the 
front  tuyere  was  kept  working  throughout  this  trouble,  which  lasted 
for  24  hours.  At  the  end  of  this  time,  some  fresh  stock  came  down 
to  the  tuyere;  the  furnace  began  melting;  the  pressure  went  down 
to  8  pounds,  and  gas  appeared  under  the  boilers  and  in  the  hot-blast 
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again.  At  the  end  of  another  24  hours,  the  furnace  was  making 
No.  2  and  3  iron,  and  tuyeres  all  working  bright. 

This  trouble  came  every  four  or  five  weeks  for  six  months.  I 
tried  everything  I  could  think  of  or  hear  of,  but  all  seemed  to  end 
in  the  same  way.  At  last,  thinking  that  the  stock  was  not  properly 
distributed  and  that  the  furnace  was  working  up  the  center,  I  pulled 
back  the  tuyeres  and  had  all  the  fine  hematite  ore  dumped  in  the 
cinder  of  the  furnace  and  the  coarser  material  to  the  sides.  This 
was  done  by  swinging  the  bell.  When  the  effect  of  this  change  ar- 
rived at  the  tuyeres,  the  cinder  turned  black  and  the  iron  white. 
The  furnace  showed  all  the  symptoms  of  another  dirt-trouble  ;  and 
this  lasted  for  36  hours,  but  without  causing  the  loss  of  any  tuyeres. 

The  furnace  began  to  work  better  again,  making  foundry-iron, 
but  at  the  expense  of  fuel,  as  it  took  1  ton  14  cwt.  of  coal  to  the 
ton  of  iron.  I  again  changed  the  mode  of  filling  by  dumping  every 
other  charge  to  the  center  and  increasing  the  amount  of  fuel  put  in 
at  one  time,  so  as  to  have  a  layer  of  coal  and  of  ore  and  stone  all 
across  the  furnace  from  8  to  10  inches  thick.  I  found  5400  pounds 
of  fuel  put  in  at  one  time  did  the  best  work  in  furnaces  Nos.  7  and  8. 
No.  8  was  in  blast  one  year  after  this  last  change,  making  from  25 
to  30  tons  more  iron  than  she  ever  did  before,  and  with  less  fuel, 
without  any  more  signs  of  trouble  from  fine  dirt.  At  the  end  of  the 
year  the  furnace  was  blown  out  on  account  of  dull  times,  and  was 
found  to  have  burnt  herself  to  the  shape  shown  in  Fig.  8.  Think- 
ing the  altered  shape  of  the  furnace  had  had  much  to  do  with  our 
getting  rid  of  the  dirt-trouble,  I  consulted  with  Mr.  John  Thomas, 
the  general  manager,  and  Mr.  William  Thomas,  the  superintendent 
of  the  Tiiomas  Iron  Company ;  and  it  was  decided  to  pull  the 
tuyeres  back  on  No.  7  and  re-line  No.  2,  and  make  her  the  same  shape 
as  No.  8  had  burnt  to.  Up  to  this  time  the  best  average  work  on 
the  Lock  Ridge  furnace  had  been  260  tons  per  week  for  six  months; 
and  the  best  at  the  Hokendauqua  furnaces  had  been  288  tons  per 
week.  After  putting  the  tuyeres  back  on  No.  7,  she  made  an  aver- 
age for  six  months  of  308|  tons,  70  per  cent,  being  foundry-iron, 
and  made  only  6|-  tons  of  mottled  in  one  year.  No.  2  was  blown- 
in  and  the  following  is  her  work  for  52  weeks : 


Anthracite  coal. 
Tons  cwt. 

Ore. 
One-half  hematite. 
One-hall'  magnetite. 
Tons  cwt. 

Limestone. 

24,853.10 
1  X  Iron 

31,681.17 

2X  — 

2 

16,555.03 
Mottled  Total 

7202 

7245 

3276 

289      18012 
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The  best  week's  work  before  this  change  or  before  the  low  bosh 
and  large  hearth  were  adopted  was  360  tons — on  1  ton  1 0  cwt.  of 
coal — against  the  best  week's  work  in  No.  2,  which  is  450  tons  of 
iron  on  1  ton  4  cwt.  of  fuel.  After  this  all  furnaces  of  the  Thomas 
Iron  Company,  when  blown  out  for  repairs,  were  re-lined  to  the  same 
lines  as  Nos.  8  and  2,  and  as  this  was  done  the  output,  both  quan- 
tity and  quality  were  increased  and  the  amount  of  fuel  to  the  ton  of 
iron  decreased,  and  the  fine  dirt-trouble  disappeared.  The  accom- 
panying plate  shows  the  present  lines  of  the  furnaces  belonging  to 
the  Thomas  Iron  Company.  Figs.  1,  2,  3,  4,  5,  and  6  are  the  fur- 
naces at  Hokendauqua;  Figs.  7  and  8  those  at  Lock  Ridge;  Fig.  9 
is  the  Keystone  furnace;  Figs.  10  and  11  are  the  Hellertown  fur- 
naces ;  and  Fig.  12  is  the  Lucy,  near  Chain  Dam.  This  furnace 
was  leased  from  Warren  Wilbur,  of  Bethlehem,  about  six  months 
ago,  lined  and  ready  to  go  into  blast.  The  date  under  each  figure 
shows  the  time  of  blowing-in  for  the  present  blast.  No.  9  was  lined 
ready  for  blowing-in  before  the  adoption  of  the  model  was  prepared. 
No.  10  is  not  now  in  blast.  No.  8  furnace  was  blown  in  again  on 
the  same  old  lining  after  standing  nearly  two  years,  is  now  on  her 
seventy-eighth  week  and  has  not  had  a  return  of  her  old  fine-dirt 
trouble. 

The  Lurmann  front  was  used  in  No.  8  during  the  experience 
above  described.  Nos.  1,  2,  6,  7,  8,  9,  10  and  11  have  the  Liir- 
mann  front;  and  Nos.  3,  4,  5  and  12  have  the  old  open  front  or 
long  fire-hearth.  But  all  the  furnaces  had  the  fine-dirt  trouble  after 
raising  the  tuyeres  to  5  feet :  hence,  I  think  the  raising  of  the 
tuyeres  had  more  to  do  with  it  than  the  kind  of  front. 

J.  E.  Johnson,  Longdale,  Va. :  For  the  purpose  of  comparison 
I  give  some  results  obtained  at  our  No.  1  furnace,  in  1879,  now 
seven  years  ago.  The  resurrection  of  this  "  ancient  history  "  would 
seem  to  show  that  a  low  consumption  of  coke  is  as  obtainable  with 
iron  stoves  as  with  the  fire-brick  ones. 

As  the  results  of  a  long  period  are  more  apt  to  give  a  correct  show- 
ing than  those  covering  a  mere  "spurt,"  I  have  selected  the  figures 
for  the  whole  of  our  blast  No.  8,  or,  as  we  call  it,  "  the  blast  of 
1879." 

The  furnace  is  as  follows;  Height,  60  feet;  diameter  bosh,  11 
feet;  tunnel  head,  8  feet;  hearth,  6  feet;  three  tuyeres,  3700  cubic 
feet  blast  per  minute. 

This  blast,  which  covered  a  period  of  67  weeks,  was  begun  in  the 
later  part  of  1878,  and  ended  in  the  month  of  February,  1880. 
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The  fuel  useil  was  Xew  River  coke  from  our  mines  and  ovens  at 
Sewell,  West  Virginia,  and  the  ores,  brown  hematite,  from  our  mines 
on  the  Longdale  property,  four  miles  from  the  furnaces. 

DuriiiiT  tliis  blast  of  67  weeks  we  consumed  12,013  tons  of  coke 
and  produced  12,063  tons  of  iron,  these  figures  including  27^  tons 
of  castings.  Most  of  the  iron  produced  being  sold  west  of  the 
Alleghenies,  our  tons  contain  2268  pounds,  a  ton  of  coke  weighing 
2240,  as  is  customary. 

The  average  grade  of  the  iron  was  3.28 ;  the  ore  used  showed  a 
yield  of  46.7  per  cent.  The  limestone  charged  averaged  under  10 
cwt.  per  ton  of  iron,  the  actual  figures  being  9.26  cwt.  per  ton  of 
iron  made. 

The  hest  work  done  by  way  of  a  "  spurt " — without  any  intention 
of  spurting  on  our  part — was  during  our  continuous  period  of  12 
weeks,  covering  most  of  the  spring  of  1879.  In  these  12  weeks, 
we  made  2583  tons  of  pig  with  2284f  tons  of  coke,  an  average  of 
2268  pounds  of  iron  to  2000  pounds  of  coke.  One  week  in  this 
period  the  record  stood  : 

Tons. 

Pig  made, 219^ 

Coke  used, 187 

or  one  ton  of  pig  to  every  17  cwt.  and  5  pounds  of  coke  consumed. 

The  stoves  Mere  planned  by  Mr.  H.  Firmstone,  and  contain  36 
upright  n  pipes  upon  four  bed-pipes,  giving  four  rows. 

The  pattern  of  these  pipes  was  got  up  by  Mr.  Firmstone  and  Dr. 
Palmer,  formerly  suj)erintendent  of  the  Musconetcong  Iron  Works, 
Stanhope,  Xew  Jersey  ;  their  design  being  to  get  the  largest  possible 
amount  of  heating  surface  out  of  the  material  used  by  means  of  the 
section  adopted. 

The  combustion-chamber  is  at  one  end  of  the  oven,  and  is  of  the 
same  vertical  section  as  that  inclosing  the  pipes  and  separated  from 
it  by  a  partition  wall,  openings  through  the  bottom  of  which  allow 
the  heated  "  products  of  combustion  "  to  pass  into  the  pipe  chamber. 

The  end  sought  to  be  attained  was  the  entire  combustion  of  the 
gases  within  the  space  allotted  for  that  purpose,  and  in  practice  the 
idea  has  been  fairly  well  carried  out,  only  the  pipes  in  the  first  row 
being  injured  by  the  burning  gases  so  as  to  require  renewal. 

I  may  say  that  it  is  now  ten  years  since  the  one  of  these  stoves 
that  has  been  principally  used  was  built.  Within  this  time,  the  first 
row  has  been  renewed  only  three  times.  The  other  three  rows  are 
perfectly  serviceable,  after  being  in  almost  constant  use  during  this 
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time,  and  are  apparently  good  for  at  least  as  many  years  to  come. 
The  blast  is  taken  from  the  stoves  at  the  "hot  end." 

The  heat  obtained  at  the  tuyeres  was  nominally  800  degrees,  as 
shown  by  one  of  E.  Brown's  portable  pyrometers  ;  but  it  was,  and 
is,  a  rare  occurrence  for  us  to  be  able  to  melt  zinc  at  a  plug-hole. 

I  trust  that  the  foregoing  statements  and  figures  may  be  of  some 
value  in  upholding  the  iron-stove  side  of  the  controversy. 


THE  IRON-OBES  AND  COALS  OF  ALABAMA,  GEORGIA 

AND  TENNESSEE. 

BY  JOHN  B.    PORTER,    E.M.,   PH.D.,  CINCINNATI,  O. 

(Bethlehem  Meeting,  May,  1886.) 

Introduction. 

Within  the  last  year  or  so,  a  great  deal  has  been  heard  about 
Southern  iron  ;  even  the  Eastern  markets  have  felt  the  effect  of  the 
cheap  Alabama  ores  and  coals,  and  public  attention  has  again  been 
drawn  to  what  is  now  getting  to  be  an  old  story — the  great  mineral 
wealth  of  the  South. 

The  following  paper  is  based  on  a  report  prepared  several  years 
ago  for  a  special  purpose;  but  since  then,  through  association  with 
Mr.  C  B.  Going  in  a  large  analytical  practice  and  as  chemists  to  the 
Queen  and  Crescent  Railway,  I  have  had  opportunity  to  increase 
my  material  so  greatly  that  the  present  paper  is  really  a  completely 
different  work. 

I  am  under  very  great  obligation  to  Mr.  Going,  without  whose 
assistance  my  work  would  have  been  very  incomplete,  and  have  also 
been  materially  assisted  by  Mr.  F.  P.  Dewey,  of  Washington,  and  a 
host  of  gentlemen  connected  with  the  railroads  and  furnaces  of  the 
South. 

The  arrangement  of  this  paper  is  not  all  that  could  be  desired. 
Some  localities  of  importance  are  very  poorly  represented,  both  in 
the  description  and  the  tables  of  analyses.  This,  however,  was  in 
most  instances  unavoidable,  as  the  study  has  been  done  in  the  in- 
tervals of  professional  work. 

I  have  visited  almost  all  the  localities  described,  and,  in  all  cases 
possible,  have  taken  my  own  samples,  and  have  made  careful  per- 
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sonal  examinations  ;  so  that  a  great  portion  of  the  work  is  purely 
original  and  can  be  personally  vouched  for. 

In  addition  to  this,  I  have  accumulated  a  great  many  analyses 
copied  from  the  boi^ks  of  the  fnrnace-com})anies,  and  in  this  way 
have  succeeded  in  securing  representation  of  some  localities  I  could 
not  reach  in  person — some  exhausted  ore-beds  and  many  series  of 
analyses  reaching  back  a  number  of  years.  An  effort,  it  is  to  be 
hoped  a  successful  one,  has  been  made  to  use  only  such  of  these  as 
are  thoroughly  reliable.  A  few  of  the  analyses  given  have  already 
been  printed  in  the  Alabama  Surveys  and  in  papers  published  by 
the  Institute;  but  their  repetition  in  this  paper  will,  I  trust,  be  ex- 
cused, as  it  seems  desirable  to  get  all  the  material  possible  into  a 
compact  form. 

In  the  section  on  coals  I  have  made  freer  use  of  printed  material, 
especially  from  the  Geological  Survey  of  Alabama  and  from  the 
paper  by  Mr.  E.  J.  Schmitz  printed  in  Vol.  XII.  of  the  Transac- 
tions. 

The  map  accompanying  this  paper  is  of  necessity  already  so  full 
of  detail  that  it  has  not  seemed  desirable  to  indicate  the  geological 
formations,  and  consequently  the  coal-measures  alone  have  been 
shown,  enclosed  by  a  heavy  line  and  shaded.  The  ore-deposits  all 
lie  comparatively  near  the  coal,  and  the  4ext  of  the  paper  so  fully 
locates  them  by  reference  to  the  rivers,  mountains,  and  counties 
already  named  on  the  map,  that  their  position  is  at  once  shown. 

I.  Description  of  the  Regiox. 

Almost  all  the  known  ores  of  iron  occur  in  the  region  under  con- 
sideration, but,  with  very  few  exceptions,  only  two  of  them  are 
mined.  These  two  are  the  limonites  or  brown  ores,  as  they  are 
called  in  the  South,  and  the  Clinton  fossil  ore,  or  red  ore.  The 
exceptions  mentioned  are  specular  hematites,  magnetites,  and  in  one 
case  pyrite;  but  the  quantity  of  these  ores  mined  is  very  small. 

The  limonite  and  Clinton  ores  are  enormously  developed  in  the 
South,  and  being  in  general  easy  to  mine  and  use,  bid  fair  to  fuliv 
take  the  place  of  the  other  ores,  notwithstanding  the  feeling  in  the 
North  that  they  are  untrustworthy. 

In  the  South  the  appearance  of  the  limonites  is  exactly  normal, 
and  they  occur  in  the  same  geological  valleys  that  carry  them  in 
Virginia  and  Pennsylvania;  but  the  southern  extremity  of  the 
Appalachian  region  is  so  much  modified  and  opened,  that  tlie  liino- 
nite-bearing  rocks  are  much  more  fully  exposed  than  in  the  North, 
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while  at  the  same  time  the  greater  heat  and  moisture  have  probably 
caused  more  extensive  formations,  and  the  absence  of  general  gla- 
cial erosion  has  permitted  them  to  remain  in  most  places  in  their 
full  magnitude. 

The  Clinton  ore  is  also  much  greater  in  quantity  here  than  in  any 
other  locality,  owing  not  so  much  to  its  extent  as  to  its  thickness. 
Its  outcrops  are  numerous,  by  reason  of  the  many  faults  and  folds 
of  the  region,  and  the  narrow,  deep,  anticlinal  valleys  which  cut  far 
through  the  Carboniferous  rocks  of  the  Tennessee  and  Alabama 
plateaus ;  but  the  great  importance  of  the  Clinton  is  due  to  its  rapid 
increase  in  thickness  toward  the  South.  In  Eastern  Tennessee  it  is 
little  or  no  thicker  than  in  Virginia  and  Pennsylvania,  being  a  vari- 
able bed  of  great  persistence,  but  never  more  than  a  few  feet  thick, 
becoming  calcareous  very  rapidly  when  mined  downward,  and  almost 
always  pretty  high  in  phosphorus.  I  have  not  been  able  to  find  any 
case  in  Tennessee  of  this  Clinton  ore  occurring  in  more  than  a  single 
stratum,  although  I  have  seen  many  so-called  double  or  triple  seams 
caused  by  a  local  fold  or  fault.  In  this  respect,  also,  it  simply  keeps 
the  same  character  as  further  north.  In  Alabama,  however,  the 
Clinton  makes  a  new  departure.  Beginning  in  the  northern  part  of 
the  State,  or  perhaj)S  even  in  the  southern  counties  of  East  Tennessee, 
it  increases  in  thickness  «nd  splits  up  into  several  beds;  and  as  it 
extends  south  and  west  this  change  is  augmented  until,  at  the  point 
where  it  disappears  under  the  drift  of  Western  Alabama,  it  consists 
of  a  number  of  seams;  aggregating  in  some  places  thirty  feet. 

Before  discussing  the  ores  in  detail,  I  will  give  a  sketch  of  the 
geology  and  topography  of  the  whole  region.  For  the  purpose  of 
this  paper  general  geological  distinctions  are  sufficient,  especially  as 
the  Devonian  and  Subcarboniferous  rocks  are  very  thin  in  the  greater 
part  of  the  region,  and  so  similar  to  those  above  and  below  them 
that  they  need  not  be  indicated.  An  exception  to  this,  in  West  Ten- 
nessee, will  be  fully  explained  later. 

The  great  Appalachian  uplift  extends  clear  through  the  region, 
and  may  be  said  to  be  as  broken  and  twisted  at  its  southern  as  at 
its  northern  end;  for,  although  at  the  north  (East  Tennessee)  the 
mountains  are  over  6000  feet  high,  and  at  the  southwest  only  1000 
or  even  a  few  hundred,  yet  the  southern  extremity  shows  some  of  the 
greatest  faults  known,  and  many  enormous  folds  and  dislocations; 
and  the  rocks  seem  to  be  almost  as  completely  metamorphosed  as  at 
any  other  point. 

In  Virginia,  the  two  Appalachian  ranges,  the  Blue  Ridge  (east- 
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em)  and  the  Alleghenies,  are  quite  distinct,  with  a  definite  valley, 
in  most  places,  between  them  ;  and  still  west  of  them,  the  more 
recent  Cumberland  Mountains  extend,  parallel,  but  also  separated 
by  a  great  limestone  valley.  About  one  hundred  miles  northeast  of 
the  northeast  corner  of  Tennessee  occurs  the  first  apparent  entangle- 
ment of  the  Blue  Ritlge  and  Alleghenies;  and  although  they  sep- 
arate soon  and  reassume  their  chanicteristic  form,  this  point  may 
be  considered  the  beginning  of  the  region  of  cross-ranges.  From 
there  on,  through  North  Carolina  and  Georgia,  the  cross-ranges 
become  more  numerous,  and  the  main  lines  more  branched,  until 
in  northern  Georgia  and  the  adjacent  part  of  Tennessee  there  are 
a  number  of  low  ranges  approximately  parallel,  and,  to  the  eye  of 
the  traveller,  quite  similar.  At  this  point,  near  Chattanooga,  the 
outliers  of  the  Cumberland  highland  approach,  and  fi'oni  thence,  to 
the  disappearance  of  the  whole  chain  under  the  alluvial  drift,  the 
ranges  are  so  close  together,  so  broken  and  so  variable,  that  even  a 
person  well  acquainted  with  the  mountains  in  the  north  and  east 
finds  them  very  confusing.  This  great  mountain-system  consists  of 
strata  of  enormous  thickness  and  widely  different  character  ;  but 
they  are  all  highly  metamorphosed,  and  are  probably  all  lower, 
geologically,  than  the  lowest  Silurian  rocks.  In  this  chain  the  ores 
are  not  of  importance.  They  consist  of  magnetites  and  specular 
ores,  occurring  in  what  is  probably  Potsdam,  and  limonites  pro- 
ducetl  by  the  weathering  of  pyrites,  or,  in  a  few  cases,  by  leachings 
from  a  ferruginous  rock. 

In  the  detailed  description  of  the  ores  of  the  metamorphic  region, 
ores,  localities,  and  analyses  will  be  given. 

The  Cumberland  ^lountains  in  the  Southern  States  are  essentially 
coal-formations.  Great  portions  are  barren  or  so  distorted  that  the 
coal  is  uncertain  and  worthless;  but  throughout  all,  the  Carboniferous 
rocks  appear.  This  highland  is  very  broad  and  prominent  in  Ten- 
nessee. In  Alabama  it  is  far  less  important  as  a  highland,  while 
its  a>als  are  far  better.  In  central  Alabama  the  coal-measures  are 
almost  flat,  and  contain  many  workable  seams  of  excellent  coal, 
generally  of  a  higher  series  than  those  found  in  the  Cumberland. 
Along  the  eastern  edge  of  the  Carboniferous  formation  in  Tennessee 
is  the  peculiar  and  very  persistent  Walden's  Ridge,  which  consists 
of  a  series  of  lower  coal-measures,  very  much  tilted  and  faulted,  and 
making  a  sharp,  precipitous  mountain  nearly  1000  feet  in  height 
above  the  level  of  the  valley,  reaching  from  Virginia  down  through 
Ea.st  Tennessee  on  the  north  and  west  side  of  the  Clinch  and  Ten- 
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nessee  rivers,  and  extending  past  Chattanooga,  where  it  is  broader 
and  lower  than  above.  Below  Chattanooga,  it  is  cut  by  the  Ten- 
nessee river,  and  passes  into  Alabama  as  one  of  the  many  parallel 
ranges  of  that  State. 

Right  alon-g  the  eastern  base  of  Walden's  Ridge,  through  its 
whole  extent,  the  Clinton  ore  outcrops  in  a  little  parallel  elevation, 
dipping  sharply  under  the  ridge  or  to  the  west;  and  in  this  place, 
more  than  in  any  other  I  have  noticed,  the  Clinton  is  folded  and 
faulted.  This  is  more  fully  illustrated  in  the  section  on  Clinton  ores 
below. 

Between  this  ridge  (or  really  the  Cumberland  highland)  and  the 
Appalachian  chain  is  a  broad  valley,  in  Tennessee,  watered  by  the 
Tennessee  river,  and  containing  Silurian  rocks  only.  This  extends 
southwest  through  the  whole  extent  of  East  Tennessee,  narrowing 
down  only  near  Chattanooga,  where  all  the  mountains  seem  to  con- 
gregate. Below  Chattanooga  a  number  of  folds  complicate  the 
valley  so  much  that  a  special  description  will  have  to  be  given  fur- 
ther on.  In  Tennessee,  however,  the  valley  is  broad  and  open,  with 
limestone  floor  on  the  west,  and  shale  and  sandstone  on  the  east. 
From  below  Chattanooga  to  a  point  one  hundred  and  fifty  miles 
northeast  there  is,  near  its  western  edge,  an  irregular,  low  anticlinal, 
which  has  been  denuded  sufficiently  to  give  an  outcrop  of  Clinton 
ore  in  many  places.  This  ridge  is  a  few  miles  from  Walden's  and 
on  the  opposite  side  of  the  river;  and  as  its  ores  are  less  distorted 
and  nearer  the  river  than  those  of  the  normal  outcrop,  they  are 
mined  more  extensively  at  present.  At  its  northeast  end,  it  is  in 
about  the  middle  of  the  valley. 

This  last-mentioned  ridge  is  not  of  local  importance  only  :  it 
extends  into  Georgia  for  some  distance.  In  some  places  it  affords 
an  ore  remarkably  full  of  finely-preserved  shells.  (See  James  Co., 
Tennessee,  on  p.  203.) 

The  eastern  side  of  this  limestone  valley — lower  geologi-cally — 
is  the  great  producer  of  limonites.  These  generally  occur  near  th« 
junction  of  the  shales  and  sandstones  or  limestones,  and  are  all  pro- 
duced— as  will  be  described — by  weathering  in  some  form  or  other. 
The  deposits  of  limonites  are  therefore  always  superficial,  but  often 
are  of  enormous  extent  and  so  easy  to  mine  that  they  are  of  great 
value.  They  occur  at  intervals  along  the  whole  valley,  not  very 
extensive  or  very  much  worked  in  Virginia  or  Tennessee,  but  ex- 
tending from  the  north  through  Virginia  and  East  Tennessee,  and 
on  through  the  corner  of  Georgia  and  far  into  Alabama,  and  they 
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increase  in  value  as  the  mountains  to  the  southeast  of  them  become 
lower. 

The  Alabama  portion  of  the  formation  is  worthy  of  special  de- 
scription. The  metamorphic  rocks  are  lower,  but  nearly  as  broad 
from  northwest  to  southeast  as  in  Georgia,  and  are  very  much  folded, 
while  on  the  other  side  of  the  silurian  belt  are  the  coal-measures. 
Tiie  silurian  belt  proper  seems  to  be  very  narrow,  and  to  lie  between 
the  East  Tenn.,  Va.,  and  Ga.  R.  R.  and  the  Coosa  river;  but  the 
coal-measures  are  cut  by  a  number  of  sharp,  anticlinal  folds  parallel 
to  the  general  trend  of  the  mountain  system,  and  each  of  these  has 
been  cut  down  in  the  center  until  the  anticlinal  center  has  become  a 
valley.  To  the  southwest,  and  about  on  the  central  line  of  the 
lower  silurian,  there  is  a  tremendous  fault  of  about  two  miles  (Roth- 
well),  which  distorts  the  rocks  very  much  locally,  and  brings  the 
lower  ends  of  the  Coosa  and  Cahawba  coal-fields  into  direct  contact 
with  the  Lower  Silurian.  These  coal-fields  are  the  easternmost  part 
of  the  Carboniferous  rocks  of  the  State,  and,  owing  to  the  fault  and 
other  disturbances,  are  very  much  inclined  and  broken.  They  are 
only  narrow  strips,  each  half  a  dozen  miles  in  width,  with  an  anti- 
clinal of  no  greater  width  between.  This,  the  easternmost  anticlinal 
in  the  coal-measures,  contains  some  large  beds  of  limonite,  but  has 
no  notable  Clinton  ores,  unless  the  distant  valley  to  the  east  of 
Lookout  Mountain  be  considered  a  part  of  it.  The  next  anticline 
to  the  west  is,  however,  the  greatest  source  of  Clinton  ore  in  the 
State,  being  the  narrow  valley  called  Will's,  or  the  Long  Valley 
extending  from  Tuscaloosa  almost  to  Chattanooga.  It  is  only  a 
few  miles  wide,  and  has  coal  on  each  side;  but  the  Clinton  ores 
attain  a  thickness  of  nearly  40  feet  at  places,  and  are  continuous  on 
one  or  both  sides  all  the  way  to  the  Georgia  line. 

This  valley  shows  also,  in  its  central  and  deeper  part,  large  masses 
of  limonites  of  excellent  composition.  This  Long  Valley  has 
Birmingham,  the  great  iron-center  of  the  State,  at  about  its  middle, 
and  is  traversed  throughout  its  length  by  the  Alabama  Great 
Southern  Railroad.  West  of  this  is  the  great  Warrior  coal-field  to 
the  south,  and  the  Sand  Mountain  field  to  the  north  ;  the  former 
very  large  and  productive,  the  latter  comparatively  barren. 

These  last-named  coal-fields  are  separated  by  a  third  anticline, 
called  Brown's  Valley  at  the  southern  end,  which  in  its  northern 
extension  across  the  Tennessee  river  is  the  celebrated  Sequatchee 
Valley  of  Tennessee.  The  latter  valley  is  the  only  one  of  the  an- 
ticliuals  which  crosses  the  Tennessee  river  bottoms  and  expends  into 
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the  Cumberland  highlands  of  Tennessee.  Like  the  others,  it  exposes 
throughout  its  extent  Clinton  ores  at  its  edges  and  liraonites  in  the 
center.  The  limonites,  it  may  be  remarked,  are  not  very  valuable 
in  the  northern  or  Tennessee  end  of  the  valley. 

The  Tennessee  river  itself  runs  through  a  valley  in  which  the 
Carboniferous  strata  are  cut  through,  but  no  ore  of  value  is  reached 
except  in  northwestern  Alabama  and  western  Tennessee. 

The  western  part  of  Alabama,  as  I  have  said  before,  is  covered 
with  drift. 

The  only  section  remaining  to  be  described  is  the  central  portion 
of  Tennessee,  and  the  adjoining  corner  of  Alabama.  This  is  a 
region  of  very  thick  Subcarboniferous  limestone  and  sandstone, 
which  has,  apparently,  been  uncovered  by  the  removal  of  a  Carbon- 
iferous highland.  Along  the  Tennessee  river,  where  the  cutting  is 
deep,  there  are  large  deposits  of  limonite  scattered  over  a  consider- 
able area,  without  any  apparent  system.  They  are,  in  great  part, 
spring-deposits,  and  are  quite  rich,  although  often  highly  siliceous. 

Along  the  eastern  edge  of  this  basin,  near  the  Carboniferous  rocks, 
are  some  slightly  abnormal  hills  of  iron-ore,  which  are  probably 
Clinton,  and  certainly  an  ore  similarly  formed,  although  the  exact 
geological  position  is  at  present  uncertain.  It  has  not  been  pcssible 
forme  to  study  these  ores  critically  ;  and  the  publications  on  the 
Geology  of  central  and  western  Tennessee  have  been  found,  on  this 
subject,  somewhat  unsatisfactory. 

II.  The  Brown  Ores. 

The  ores  called  brown  are  hydrated  oxides  of  iron,  and,  in  general, 
have  not  quite  enough  water  to  be  true  limonites  ;  generally,  how- 
ever, they  are  approximately  so,  and  the  common  habit  of  calling 
them  all  by  that  name  has  been  followed.  They  occur  very  j)lenti- 
fully  in  the  South,  and,  as  hinted  before,  there  seem  to  be  several 
good  reasons  for  their  greater  development  there  than  in  the  North. 
Speaking  generally,  the  southern  rainfall  is  greater,  and  the  tem- 
perature higher  than  the  northern  ;  and  both  of  these  agents  would 
naturally  cause  large  formations  of  limonite.  A  greater  cause  is 
that  the  glacial  action  in  the  South  was  very  limited,  both  in  area 
and  in  duration ;  and,  consequently,  not  only  do  the  pre-glacial 
formations  remain,  but  the  weathering  of  the  country-rock  still  goes 
on  in  all  places,  owing  to  the  absence  of  the  great  sheets  of  glacier- 
clay  and  drift,  which,  in  the  North,  so  generally  cover  the  rocks  and 
prevent  atmospheric  action.     It  is  hard  to  say  whether  or  no  these 
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reasons  are  sufficient  to  explain  the  immense  size  of  some  of  the 
deposits  of  ore,  a  fiict  wliieh  is  characteristic,  and  can  scarcely  be 
exaggerated. 

Concerning  the  manner  in  which  the  limonites  have  been  deposited, 
there  has  been  some  disagreement ;  but  the  present  theories  are  so 
satisfoctory  that  there  seems  to  be  no  reason  for  questioning  their 
correctness,  at  least  on  the  general  points.  The  ores  generally  occur 
in  masses,  or  collections  of  nodules,  capping  a  hill.  Often  the  whole 
hill,  or  the  top  of  it,  is  a  great  collection  of  lumps  of  ore  in  a  mass 
of  earth  and  clay.  In  many  cases  these  ore-hills  are  fully  one 
hundred  feet  in  height  and  very  extensive.  Occasionally  also  the 
limonites  are  found. in  fissure  veins,  or  otherwise  in  place  in  the 
rock,  but  in  these  cases  mining  on  them  soon  shows  them  to  be 
weathered  pyrites. 

In  general,  the  formation  of  limonites  is  supposed  to  take  place 
in  the  following  manner:  A  great  many  of  the  rocks  of  the  older 
formations  contain  iron  minerals  in  considerable  quantity.  Gener- 
ally the  mineral  is  a  sulphuret  of  iron  (pyrite,  etc.).  These  iron 
minerals  occur  either  (n)  disseminated  through  the  rocks,  or  (6)  mas- 
sive; either  stratified  or  in  fissure  or  other  veins;  and  the  form  of 
the  limonites  produced  from  them  is  dependent,  to  a  certain  extent, 
on  their  original  condition. 

a.  There  is  a  common  saying  in  the  South,  "  No  ore  is  under 
where  the  water  stands ;"  and  it  is  a  key  to  the  great  cause  in  the 
formation  of  limonite.  The  action  of  the  atmosphere — heat,  cold, 
and,  above  all,  water — gradually,  in  past  ages,  decomposed  the  sul- 
phides of  iron  in  the  rock,  forming  sulphates  of  iron,  oxides,  etc. 
These  products  being  soluble  in  natural  waters,  leached  out  and 
remained  in  solution,  until  the  water  became  exposed  to  the  air,  as 
in  a  spring  or  exudation.  Then  the  oxidizing  action  of  the  air  at 
once  caused  the  iron  to  be  deposited  as  a  coating  on  the  rocks  or 
earth  over  which  it  trickled,  and  in  time,  mounds,  or  even  hills  of 
concretions,  were  formed,  such  as  are  now  seen  in  innumerable 
localities.  These  concretions  are  frequently  found  below  the  sur- 
face in  porous  earthy  soils,  where  they  have  been  formed  appa- 
rently by  the  gradual  concentration  (by  leaching)  of  the  iron  of 
the  whole  mass,  and,  perhaps,  the  iron,  of  infiltering  water  also, 
into  nodular  masses. 

b.  Not  infrequently  sulphurets  occur  in  considerable  masses ;  and 
in  such  cases,  especially  when  water  does  not  pass  through  them 
very  freely,  the  oxidation  is  not  accompanied  by  solution,  and  the 
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masses  retain  their  shape,  but  are  gradually  converted  into  limonite 
from  the  outside  toward  the  center.  The  conditions  then  frequently 
change,  and,  owing  to  better  drainage,  ordinary  concretions  form 
around  them  from  solution  ;  or,  perhaps,  by  the  total  withdrawal  of 
water,  the  masses  are  left  limonite  on  the  surface  and  pyrite  at  the 
center.  These  limonites  with  centers  of  pyrite  are  not  uncommon 
in  some  districts,  especially  in  the  metamorphic  region. 

The  limonites  thus  found  are,  of  course,  easy  to  mine,  and  their 
large  percentage  of  clay  and  dirt  is  of  comparatively  little  import- 
ance, as  they  can  be  easily  cleaned  from  these  soft  and  pulverulent 
impurities  by  washing  or  screening.  The  accompanying  analyses 
will  show  that  they  are  often  high  in  silica,  but  low  in  both  phos- 
phorus and  sulphur,  and,  in  the  average,  richer  in  iron  than  the 
apparently  far  cleaner  red  ores. 

Brown  ores  occur  quite  plentifully  in  the  Northeastern  States,  in 
the  lower  limestone  valleys  of  the  Appalachian  ranges;  and  in 
Pennsylvania,  Virginia,  etc.,  they  are  mined  in  a  number  of  places. 

The  limestone  belt  in  which  they  occur  enters  northeast  Ten- 
nessee, and  travei'ses  the  east  side  of  the  State,  as  explained  in  my 
general  description.  It  passes  thence  into  Georgia  and  Alabama — 
crossing  the  northwest  corner  only  of  Georgia — in  a  comparatively 
narrow  band,  but  spreading  out  in  Alabama  into  one  synclinal  and 
several  anticlinal  valleys,  as  previously  explained. 

This  belt  carries  brown  ores  through  its  whole  extent ;  but  in 
East  Tennessee  they  are  not  very  largely  developed,  owing  to  their 
comparatively  small  quantity,  and  the  roughness  of  the  country  and 
consequent  cost  of  transportation.  They  (the  Silurian  limonites) 
occur,  however,  in  the  following  counties  :  Sullivan,  Johnson,  Car- 
ter, Unicoi,  Washington,  Greene,  Jefferson,  Knox,  Cocke,  Sevier, 
Blount,  Monroe,  McMinn,  Loudon,  and  Polk.  Good  average  sam- 
ples are  about  as  follows  : 

I.  II.  III. 

SiOj, 8.95  —                4.94 

Fe 54.73  46.14  57.92 

Mn, —  756              — 

P, .065             .062            0.19 

H.A 11.55               —  12.17 

I.,  Carter  County  ;  II.,  Loudon  County ;  III.,  Green  County. 

Some  years  ago,  the  Rockwood  furnaces  used  these  ores,  especially 
from  Blount  County,  very  extensively  and  with  excellent  results; 
but  the  easily-reached  beds  have  been  exhausted,  and  the  ores  are 
now  mined  in  a  comparatively  small  way  only. 
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The  limestone  valley,  as  it  extends  southward,  becomes  less 
broken  physically,  although  the  contrary  is  true  geologically.  In 
Georgia,  it  and  the  bordering  mountain  elevations  are  far  less 
distinct  than  to  the  north,  and,  in  fact,  are  modified  in  great  part  to 
a  high  rolling  plateau,  through  which  railroads  have  been  con- 
structed without  trouble ;  and  thanks  to  the  ample  transportation, 
the  ores  are  now  largely  mined.  They  occur  well  developed  in 
Catoosa,  Whitfield,,  Gordon,  Chattooga,  Bartow,  Floyd,  and  Polk 
counties,  and  are  especially  fine  in  Bartow,  Gordon,  and  Polk,  where 
mining  operations  are  very  extensive. 

Gordon  County  has  the  celebrated  Snake  Creek  Gap  mines,  from 
which  very  large  quantities  of  ore  have  been  taken  out  annually  for 
a  number  of  years. 

Average  samples  taken  at  different  times  show  as  follows  : 

1874.  1883. 

SiO« 11.65  10.65 

Fe, 50.81  50.00 

P 85  .92 

S, 05 

MnOj 54 

CaO 41 

This  ore  is  shipped  to  various  points,  and  is  used  to  mix  with  red 
ores  in  the  furnaces  near  Chattanooga. 

In  Bartow  County  the  largest  mining  work  of  the  State  is  done 
on  property  mainly  owned  or  controlled  by  ex-Governor  Brown,  of 
Atlanta.  The  ores  are  good,  and  both  hard  and  soft  limonites  are 
plenty.  In  this  county,  and  to  the  west  in  Polk  County,  Ga.,  and 
the  adjoining  counties  of  Alabama,  many  deposits  of  a  highly 
manganiferous  ore  are  found  and  worked.  They  seem  to  be  ordi- 
nary limonite-s,  in  which  more  or  less  of  the  iron  is  replaced  by 
manganese.  They  are  quite  variable,  but  occasionally  about  all  of 
the  iron  is  replaced,  giving  a  rich  oxide  of  manganese.  Some 
examples  will  give  an  idea  of  the  ordinary  run  of  good  properties  :. 

I.  II.  III.  IV. 

SiO»         ....      —  —  23.66  .64 

Fe, —  4.29  8.80  28.94 

P, 155  .082  —  — 

Mn, 48.96  53.79  29  36  38.72 

I.,  II.,  and  in.,  Bartow  County  ;  IV.,  Floyd  County. 

The  Georgia  brown  ores  from  this  region  (Bartow  County)  are,, 
in  general,  satisfactory,  and  are  largely  shipped  to  Chattanooga.- 
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They  are  (for  brown  ores)  neither  low  nor  exceptionally  high  in 
phosphorus.     Sulphur  is  so  low  as  to  be  unimportant ;  and,  in  gen- 
eral, these  ores  are  quite  clean  and  easy  to  use,  and  work  very  well 
either  alone  or  mixed  with  the  calcareous  red  ores  of  Tennessee. 
Some  of  the  best  known  shipping  ores  are  as  follows : 

I.  II.  III. 

SiOj,  .' 21.04  17.62  11.84 

Fe, 54.60  44.02  50.66 

P, 018  .135  .148 

I.,  Governor  Brown's  lump  ore  ;  II.,  Governor  Brown's  Stegall  station,  soft; 
III.,  Governor  Brown's  Stegall  station,  hard. 

The  analyses  are  of  the  dry  raw  ores. 

The  ores  of  Polk,  Floyd,  and  Chattooga  counties  are  not  so  ex- 
tensively mined  as  those  spoken  of  above,  but  are  good — fairly  low 
in  phosphorus — and  are  used  largely  in  the  charcoal  furnaces  in  the 
vicinity  on  the  line  of  the  Alabama  Division  E.  T.,  V.  and  G.  R.R. 
As  has  been  said  before,  some  of  them  are  quite  manganiferous,  and 
almost  all  have  one  or  two  per  cent,  of  manganese. 

A  good  example  of  these  ores  is  the  State  line  ore,  used  at  the 
Tecumseh  furnace.  It  occurs  near  the  E.  T.,  V.  and  G.  R.R.  in 
Polk  County,  Ga.,  and  is  mainly  hauled  by  wagons  to  the  furnace. 
Like  most  brown  lump  ores,  portions  are  quite  soft  and  earthy;  and, 
although  the  loaders  at  the  mine  screen  it  roughly,  a  second  screen- 
ing of  the  softer  and  finer  ore  is  required  at  the  furnace.  This  is  a 
common  custom  at  the  furnaces  of  the  region  ;  for,  although  washing 
is  preferable,  it  is  often  not  an  easy  matter  to  get  water  without 
great  expense. 

These  screenings,  as  will  be  seen  below,  are,  for  waste  material, 
rich.  They  are  undesirable,  mainly  because  they  are  really  dust, 
and  clog  up  a  furnace  having  no  greater  air-pressure  than  is  used 
in  charcoal  works.  It  is  probable  that  they  are  somewhat  richer 
than  the  average  of  second  screenings  from  the  ores  of  the  region, 
as  the  bank  is  softer  than  the  majority ;  but  they  will  show  the  value 
even  of  the  immense  quantity  of  material  discarded  under  the 
present  methods. 

I.  II. 

SiO^, .     17.19  35.82 

P, 159  — 

Fe 42.92  31.77 

I.,  State  line  ore,  raw  ;  II.,  the  same,  waste  screenings  after  roasting. 
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I  have  already  said  that  the  ores  have  their  finest  development  in 
Alabama,  and  this  is  true  of  their  quality  as  well  as  their  quantity. 
They  occur  in  Cherokee,  Calhoun,  Talladega,  Shelby,  and  Bibb 
counties,  iu  the  old  limestone  valley,  in  immense  quantities ;  and  in 
smaller  amount,  although  still  enormous,  in  St.  Clair,  Jefferson, 
Tuscaloosa,  Mai-shall,  and  Blount,  in  anticlinal  valleys  which  expose 
the  same  rocks. 

Xear  the  Georgia  line  at  Tecumseh,  in  Cherokee  county,  is  one 
of  the  largest  masses  of  ore  yet  developed.  It  occurs  on  a  hill 
rising  two  or  three  hundred  feet  above  the  railroad  valley,  and  is 
easily  noticed  on  account  of  the  whole  hill-top  being  covered  with 
loose  boulders  and  masses  of  ore,  the  lumps  often  being  several  feet 
in  diameter.  Mining,  or,  rather,  digging,  has  been  done  on  both 
sides  of  the  hill,  and  faces  have  been  opened,  indicating  several 
hundred  feet  in  length  of  good  ore.  In  places  these  faces  have  been 
driven  in  horizontally,  until  the  cut  has  become  50  to  65  feet  high, 
and  still  a  good  bottom  of  ore  holds.  These  openings,  on  opposite 
sides  of  the  hill,  are  still  several  hundred  feet  from  meeting,  and 
the  surface  between  and  on  the  sides  is  as  good  as  at  the  cuts ;  so 
that  it  is  fair  to  suppose  that  the  solid  mass  of  the  crest  of  the  hill, 
for  at  least  75  feet,  and  probably  100  feet  in  depth,  and  many  hun- 
dred feet  in  length,  is  of  the  same  composition  as  the  part  now 
opened.  This  hill,  as  mined,  shows,  in  many  places,  ore  so  rich  that 
it  is  put  bodily  into  the  wagons  and  sent  to  the  heaps.  The  poorer 
places  are  all  apparently  of  value,  being  simply  lump-ore,  mixed 
with  clay  and  earth,  which  separate  easily  on  rough  screens. 

Thus  the  whole  deposit  is  mined,  and  after  a  slight  and  inexpen- 
sive screening,  is  sent  to  the  furnace.  The  ore  is  soft  enough  to  be 
taken  out  mainly  with  pick  and  shovel,  and  requires  very  little 
blasting;  and  it  can  be  delivered  at  the  furnace  for  between  60  and 
70  cents  per  ton.  The  only  thing-which  prevents  this  from  being 
one  of  the  most  valuable  deposits  in  the  South,  is  that  it  contains 
more  phosphorus  than  is  allowable  for  a  car-wheel  iron,  and  as  it  is 
in  a  district  where  fine  irons  only  are  made,  it  can,  at  present,  be  used 
only  as  a  part  of  the  charge,  to  give  an  iron  not  to  exceed  four- 
tenths  per  cent,  of  phosphorus. 

SiO„ 9.08 

Fe, 49.20 

P, 557 

Baker  Hill  ore,  raw,  air-dried. 
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Near  this  there  are  many  other  deposits.  Two  miles  east  on  the 
Georgia  line  is  a  furnace  making  excellent  iron,  and  enjoying  the 
distinction  of  being  the  one  real  cold-blast  furnace  of  the  reo;ion. 
It  may  be  remarked  that  most  of  the  charcoal  furnaces  of  Alabama 
are  "cold-blast,"  so  called.  But  all  but  the  one  mentioned  confess 
to  a  slightly  warm  blast,  so  warm,  in  fact,  that  the  iron-pipe  stoves 
not  very  infrequently  burn  out. 

There  is,  at  present,  very  little  difference  to  be  noticed  between 
irons  from  hot- and  cold-blast,  and  the  great  economy  of  the  hot-blast 
has  naturally  forced  the  old  cold-blast  out  of  use,  except  as  a  trade- 
mark. In  this  connection,  I  refer  to  the  accompanying  table  of 
analyses  of  similar  grades  of  hot-  and  cold-blast  iron  made  some 
years  ago  by  the  celebrated  Woodstock  furnace.  The  hot-blast  of 
this  table  was  supplied  by  a  small  pipe-stove,  and  was  about  600° 
Fahr.,  in  fact,  what  is  now  the  "warm  blast"  used  in  making 
"cold-blast"  irons. 

In  Calhoun  and  Talladega  counties,  to  the  southwest,  are  the 
"well-known  Woodstock  and  Alabama  furnaces,  which  draw  their 
ore  from  the  immediate  vicinity.  At  this  point — near  Anniston — 
many  of  the  ores  are  quite  high  in  manganese,  and  in  general  are 
better  than  those  of  Georgia,  as  they  carry  much  less  phosphorus. 

An  ordinary  run  of  ore  from  this  district  will  show  the  purity  of 
the  limonites;  and  it  may  be  said  here,  once  for  all,  that  nowhere, 
in  either  the  brown  or  the  red  ore  districts,  is  there  enough  sulphur 
to  do  any  harm,  although,  as  will  be  seen  below,  certain  black-bands 
contain  a  great  deal  of  it,  and,  in  some  places,  limonites  containing 
pyrite  in  the  centers  of  the  lumps  are  quite  common  as  specimens. 

The  ordinary  low-manganese  ores  of  the  vicinity  are  well  repre- 
sented by  the  following  analysis: 

SiOj,  6.74.  Fe,  55.66.  P,  .095. 

Some  years  ago,  the  Woodstock  furnaces  made  a  run  on  the  man- 
ganiferous  limonites  of  the  vicinity  to  make  spiegel,  and  a  summary 
of  the  results  will  be  of  interest  here.  The  complete  series  of 
analyses  will  be  found  in  the  tables. 


Fe, 
:Mn, 


Typical 

Ores. 

3.13 

5.22 

.20 

4.00 

— 

47.21 

28.94 

47.21 

18.76 

20.16 

38.72 

10  03 

.094 

.008 

— 

.10' 

Typical 

Sp 

'egels. 

.95 

.48 

1.93 

.93 

10.18 

11.81 

15.69 

20.67 

.10 

.85 

.095 

.192 

85.11 

83.58 

80.4-1 

73.86 
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Si.  ... 

Mn,  .        .        . 

P,  .        .        . 

Fe.  .        .        . 

It  is  useless  to  repeat  for  oacli  succeeding  county  a  description  of 
great  ore-deposits.  What  has  been  said  is  sufficient  to  show  their 
value  and  magnitude.  Only  enterprise  and  capital  are  needed  to 
make  an  immense  quantity  of  fair  iron  from  brown  ores;  and  espe- 
cially is  this  true  of  the  western  counties  not  yet  described — Shelby, 
Bibb,  Jeflerson,  Tu.scaloosa,  and  St.  Clair — where,  in  the  first, 
especially,  the  ore  is  second  to  none  in  the  State  in  quality  and  quantity, 
and  where  great  faults  have  placed  the  coal-fields  within  a  few  miles. 

Shelby  County  was  the  first  in  the  State  in  which  iron  was  made. 
During  the  war  it  supplied  the  Confederates  with  some  of  their  best 
cannon  and  shot.  Since  the  beginning,  with  a  short  intermission 
after  the  war,  iron  has  been  made  constantly,  and,  for  a  number  of 
years,  with  two  furnaces  (one  the  largest  in  the  State  for  charcoal — 
40  to  50  tons  average — and  the  other  over  30  tons),  and  still  the  ore 
is  beinsc  taken  almost  altogether  from  within  a  few  minutes'  walk  of 
the  furnaces  ;  and  the  great  open  pits  still  show,  in  almost  all  cases, 
ore  just  as  good  as  ever  on  the  bottom  and  all  sides.  An  analysis 
of  a  general  sample,  taken  from  all  of  the  ores  now  mined  at  the 
Shelby  works,  is  as  follows:  SiO„  7.51;  Fe,  53.62;  P,  .160; 
H,0, (Air-dried  sample.  J.  B.  P.,  May,  1884). 

When  brown  ore  occurs  in  the  anticlinals,  Jefferson,  Tuscaloosa, 
etc.,  it  is  generally  near  the  red  ores  of  the  Clinton,  and  it  is  used 
with  them  successfully  in  the  large  coke  furnaces  near  Birmingham, 
with  a  good  effect  on  the  iron. 

Nothing  further  need  be  said  about  these  ores,  except  the  method 
of  working  them  in  a  furnace.  They  are  roasted  in  heaps  with  wood 
or  charcoal-brask,  partly  to  free  them  from  water,  and  partly  to 
separate  the  earthy  matter;  and  after  roasting  are  screened  for  the 
latter  reason.  They  average  about  11  per  cent,  of  water,  and  the 
roasting  not  only  frees  them  from  this,  but  from  some  earth,  and 
thus  increases  their  richness  very  materially,  as  will  be  shown  by 
the  following  analyses,  and  more  fully  still  by  the  appended  tables: 

Fe,  .       .       . 
P,    .       .       . 

AlA.       • 
I.,  Average  ore,  raw ;  II.,  Average  ore,  roasted ;  III.,  Average  ore,  washed. 


I. 

IL 

in. 

14.85 

9.16 

11.03 

46.12 

60.01 

61.24 

.013 

.059 

.164 

9.13 

1.93 

8.43 
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Some  ores  wash  or  screen  better  in  comparison  with  roastingj  than 
the  ores  just  given,  and  in  such  cases  it  is  getting  to  be  a  common 
thing  to  use  them  so  without  roasting,  by  mixing  them  with  roasted 
ore.  Some  furnaces,  even,  have  given  up  roasting  altogether  in 
favor  of  washing  or  screening,  as  the  extra  cost  of  calcining  the  ore 
in  the  furnace  will  not,  it  is  thought,  equal  the  considerable  expense 
of  the  fuel  and  labor  necessary  for  the  more  complete  process. 

The  appended  tables  (p.  196)  give  the  results  of  a  large  series  of 
analyses  of  Silurian  brown  ores.  They  are  arranged  geographically, 
beginning  at  the  northeast,  and  are  given  for  convenience  county  by 
county. 

III.  Red  Ores. 

The  Clinton  ores  are  so  widely  distributed  and  so  well  known, 
that  there  is  no  need  of  giving  more  than  their  local  peculiarities. 
In  all  places  where  they  occur,  they  are  highly  fossil iferous,  gener- 
ally quite  calcareous,  and  also  siliceous.  Near  the  outcrop,  they  are 
soft  and  easily  reduced,  but  below  the  level  of  standing  water  they 
are,  in  general,  very  calcareous  and  hard,  and  often  nothing  more 
than  ferruginous  limestone  of  no  value.  In  the  North,  the  Clinton 
ore  is  not  generally  considered  very  valuable,  on  account  of  the 
above  characteristics,  which  make  it  quite  unreliable;  and  also  be- 
cause it  ordinarily  carries  a  great  deal  of  phosphorus.  In  the  South, 
however,  the  fine  Bessemer  or  low-phosphorus  ores  are  very  rare, 
while  the  Clinton  is  not  only  plenty,  but  better  than  in  other  places ; 
and,  consequently,  it  is  very  much  used  to  make  an  ordinary  to  fair 
grade  of  iron. 

In  Pennsylvania,  the  greatest  thickness  of  the  Clinton  is,  prob- 
ably, 7  feet;  and,  in  general,  1  to  3  feet  seems  to  be  considered  a 
fair  development.  This  holds  true,  not  only  for  that  State,  but 
for  every  region  traversed  by  the  ore,  from  its  northern  extrem- 
ity clear  into  southern  Tennessee.  As  far  as  can  be  determined, 
it  is,  throughout  that  whole  extent,  at  best  but  a  single  work- 
able stratum,  divided,  if  at  all,  only  by  a  thin  parting.  But 
from  southern  Tennessee  to  the  disappearance  of  the  outcrop  under 
the  alluvial  drift  of  the  Black  Warrior  in  Alabama,  the  ore  takes  a 
different  character.  It  splits  up  into  several  beds,  each  often  as 
thick  as  the  whole  in  the  North,  and  at  the  same  time  it  decreases 
in  phosphorus  decidedly.  In  the  following  detailed  description 
the  figures  will  show  the  change,  as  the  ore  is  followed  from  its 
appearance  at  the  northern  line  of  Tennessee  to  the  end. 

Tennessee. — The  red  ©reenters  the  region  of  this  study  just  south- 
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east  of  the  base  of  tlie  Cuinborlaud  plateau  in  northeastern  Tennessee, 
and  follows  that  elevation  with  wonderful  persistence  through  the 
State.  The  peculiar  ridge  known  as  Walden's  has  already  been  de- 
seribetl  as  a  higiilv  tilted  edge  of  the  Cumberland  Carboniferous 
rocks,  which  extends  along  the  whole  eastern  side  of  the  Tennessee 
coal-iields.  The  base  of  this  ridge  is  in  close  proximity  to  the  Silurian 
limestones,  and  close  along  the  line  is  the  Clinton  ore,  outcropping 
almost  continuously  in  a  little  range  of  jagged  hummocks  or  foot- 
hills, known  in  many  places  by  a  local  name  of  "Shin-bone  Ridge." 
In  these  hills  the  ore-stratum  is  often  very  much  distorted  and 
folded,  but  its  general  dip  is  under  Walden's  Ridge,  which  is  often 
not  half  a  mile  away.  In  the  far  northeastern  part  of  the  State,  the 
ore  of  this  outcrop,  though  very  similar  in  character  to  the  red  ores 
of  Virginia  and  the  North,  is  not  developed,  owing  to  its  distance 
from  all  lines  of  transportation.  As  we  get  south  westward,  how- 
ever, and  near  the  Loudon  bend  of  the  Tennessee  river,  we  find  it 
near  the  river  and  also  closely  paralleled  by  the  Cincinnati  Southern 
Railroad,  which  entei"s  the  Tennessee  valley  at  this  point  from  the 
north  through  a  break  in  the  ridge  (Emory  Gap).  From  here,  for 
the  rest  of  its  extent  down  the  line  into  Georgia  and  Alabama  to  its 
disappearance  near  Tuscaloosa,  about  two  hundred  and  fifty  miles 
away,  the  ore  is  close  to  a  good  railroad  and,  in  consequence,  has 
been  extensively  worked.  Near  Emory  Gap  is  the  Oakdale  furnace, 
with  its  adjoining  coal-mines.  At  Rockwood,  a  few  miles  south,  are 
the  Rockwood  furnaces,  where  an  average  of  about  70  tons  of  iron 
has  been  the  daily  output  for  many  years.  At  this  place  the  com- 
pany mines  about  60,000  tons  of  coal  from  a  distorted  seam  in  the 
side  of  Walden's  Ridge,  less  than  a  mile  from  the  ore.  It  can  be 
said  almost  literally,  that  the  outcrop  of  ore  has  been  removed — 
ditched — continuously  for  a  hundred  miles  south  of  Emory  Gap; 
for  in  the  first  few  feet  of  depth  the  ore  is  so  soft  and  rich  that  the 
farmers  along  the  line  have  ditched  it  out  and  hauled  it  in  little  lots 
to  the  nearest  furnaces  or  railroad  stations. 

Following  the  line  down,  we  find  a  large  furnace  in  blast  at 
Dayton  and  another  just  completed,  two  in  blast  at  Chattanooga, 
more  at  Rising  Fawn,  Georgia,  and  others  at  Gadsden,  Birmingham, 
etc.,  in  Alabama;  and  all  the  way  down,  the  coal-fields  hold  to  a  line 
very  close  by,  and  improve  constantly  in  quality. 

At  Rockwood,  work  has  been  continued  for  so  long  that  it  is  an 
excellent  place  to  study  the  formations.  To  the  west,  Walden's 
Ridge  rises  abruptly  about  900  feet  above  the  valley.     The  strata 
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are  badly  broken,  but  in  general  dip  sharply  to  the  west;  and  about 
half-way  up  the  mountain,  the  Walden's  Ridge  coal-seam  outcrops, 
and  is  entered  at  one  place  by  a  slope  on  the  outcrop,  and  at  another 
by  a  long  drift,  150  feet  lower.  The  coal  is  broken,  quite  pockety, 
and  high  in  ash,  but  has  been  mined  with  great  safety  and  economy. 
The  bed  is  very  uneven  and  highly  inclined,  with  a  variable  thick- 
ness, having  in  some  places  15  to  18  feet  of  good  coal,  and  again 
pinching  to  a  few  inches.  In  the  appendix  on  coals,  elaborate  series 
of  analyses  of  these  and  all  the  other  coals  of  the  region  are  given. 

Just  east  of  the  base  of  the  ridge  is  a  parallel  line  of  low  hills,  on 
almost  the  center-line  of  which  a  continuous  ditch  marks  the  out- 
crop of  the  ore.  In  several  places  the  conipany  is  raining  it  at  a 
considerable  depth ;  but  at  present  it  is  in  general  buying  ore  from 
other  places,  and  reserving  its  own  for  the  future.  In  the  hollows 
between  the  hills,  it  is  not  possible  to  sink  on  the  ore  very  far  before 
it  shows  a  great  deal  of  lime  and  becomes  very  hard  ;  but  in  the  hills 
there  are  many  places  where  the  weathering  has  penetrated  far  below 
the  surface,  leaving  large  masses  of  good  ore.  The  quantity  of  valu- 
able ore  is  also  largely  increased  by  a  number  of  local  very  sharp 
folds  and  faults,  which  have  caused  the  ore  to  outcrop  in  several 
parallel  beds.  These  folds  have  given  rise  to  two  ideas  which  are 
quite  common  in  the  region  :  first,  that  the  ore  occurs,  in  places,  in 
several  parallel  beds  ;  and  second,  that  it  often  increases  in  richness 
as  sunk  upon,  and  would  always  be  found  to  do  so,  if  the  common 
lime  ore  of  the  water-level  were  penetrated  a  few  feet.  The  cause  of 
the  first  notion  is  evident ;  and  an  explanation  of  the  second  is  easily 
possible  if  we  suppose  an  upthrow  or  fold  subsequent  to  a  partial 
weathering  of  the  ore. 

Typical  averages  of  this  ore  are  as  follows  : 


I. 

II. 

III. 

IV. 

V. 

SiOj,    . 

.    14.81 

20.70 

9.70 

9.64 

25.75 

Fe,       .        . 

.     48.39 

40.82 

50.20 

50.14 

40.50 

P,         .        . 

.633 

.607 

.580 

.582 

.277 

CaOCO^,       . 

— 

— 

5.36 

8.14 

— 

AlA,  •      . 

.      2.47 

9.04 

5.86 

— 

— 

HA    .        . 

.      7.71 

6.37 

0.00 

9.13 

— 

I.,  Emory  Gap;  II.,  Glen  Alice;  III.,  Eockwood  (dried);  IV.,  near  Rockwood; 

v.,  Soddy. 

The  above  described  line  of  ore,  although  geologically  the  most 
remarkable,  is  not  the  most  valuable  deposit  of  Clinton  ore  in  the 
State.     An  outcrop  in  a  line  of  hills  parallel  to  Walden's  Ridge, 
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and  east  of  the  Tennessee  river,  has  already  been  mentioned.  Tliese 
hills  are  not  high  but  are  quite  persistent,  reaching  up  the  valley 
west  of  its  center  tor  about  150  miles,  northeast  of  Chattanooga ;  and 
they  are  apparently  a  continuation  of  the  much  higher  plateau-like 
Ixxikout  ^[ountain,  which,  in  Georgia  and  Alabama,  has  their  posi- 
tion in  relation  to  Siind  Mountain,  the  southern  continuation  of 
Walden's  Ridge. 

These  hills  in  Tennessee  have  been  cut  down  until  in  many  places 
the  Clinton  ore  is  exposed  on  the  surface  as  well  as  sides;  and,  as 
they  are  less  broken,  and,  luckily,  nearer  the  Tennessee  river  than 
the  outcrop  to  the  west,  and  have  the  East  Tennessee,  Virginia  & 
Georgia  R.R.  to  the  east  of  them,  they  are  better  opened  for  mining 
operations.  Moreover,  the  ores  are  open-grained  and  soft  for  a 
greater  distance  on  the  bed,  because  the  strata  are  far  less  inclined 
than  in  the  outcrop  near  the  Cumberland  uplift. 

These  "river  ores,"  as  they  are  commonly  called,  are  largely  used 
at  Rockwood  and  Chattanooga,  and  occur  plentifully  in  Roane,  Meigs, 
and  James  counties,  Tennessee,  and  in  Walker  County,  Georgia, 
where  the  ore  outcrops  parallel  with  and  close  to  Lookout  Mountain. 


I. 

II. 

III. 

IV. 

SiO„       .        . 

.      8.18 

— 

16.45 

6.41 

Fe, . 

.    52.20 

32.54 

56.00 

28.48 

P,   .        .        . 

.39 

— 

.28 

.274 

CaO, 

.32 

25.81 

— 

— 

HjO,       . 

.     10.65 

10.8 

Dried 

Drie 

I.,  Meigs  County , 

III.,  James  County, 

Tenn. ; 

IV. 

Dade 

County,  Geo 

The  only  other  Clinton  outcrops  in  the  State  are  those  of  the 
Sequatchee  anticlinal,  where,  by  an  upthrow  eroded  in  the  center, 
the  ordinary  Clinton  occurs  with  coal  on  each  side  of  it.  The 
Sequatchee  valley  extends  into  Alabama,  as  has  been  shown  in  my 
general  description,  and  the  valley  is  exactly  like  those  described 
before.  Far  up  in  the  northeast  of  Tennessee  is  another  deep-cut 
valley,  on  what  is  probably  the  same  Sequatchee  anticlinal ;  and  in 
it  the  Clinton  appears,  but  it  is  not  at  all  developed. 

The  Sequatchee  ores  are  quite  normal  in  phosphorus  and  rather 
high  in  lime;  an  analysis  of  South  Pittsburgh  ore,  taken  as  an  average 
of  a  lot  of  over  a  hundred  tons,  gave  Si02,  7.07  ;  P,.282  ;  Fe,  29.93  ; 
CaO,  18.11  (analysis  of  dried  ore).  Generally,  however,  this  ore 
runs  higher  in  iron. 

Georgia. — The  Clinton  ores  occur  in  Georgia  in  the  northwest 
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corner  only,  and  have  been  fully  described,  as  they  are  but  a  con- 
tinuation of  the  two  Tennessee  belts. 

Alabama. — In  Alabama,  as  has  been  said,  there  are  at  least  two 
valleys  showing  Clinton  outcrops,  of  which  Will's,  or  the  Long 
Valley,  is  the  most  important.  Its  ore  is  really  a  continuation  of 
the  Walden's  Ridge  or  Sand  Mountain  outcrop,  with,  in  some  places, 
the  Lookout  Mountain  ore  on  its  east  side.  As  you  pass  down  it,  this 
latter  ore  becomes  more  persistent,  and  the  valley  has  many  places 
where  the  outcrops  are  good  on  each  side.  In  all  of  the  southern 
part  it  assumes  more  distinctly  the  character  of  an  anticlinal,  with 
sharply  upturned  coal-measures  on  each  side ;  and  within  a  few  miles 
of  its  disappearance  under  the  Black  Warrior  alluvium  near  Tusca- 
loosa, it  shows  what  are,  probably,  the  finest  outcrops  of  Clinton  in 
the  country. 

In  the  upper  portion  of  this  valley,  in  Alabama,  it  is  quite  like 
the  part  already  described  in  Dade  County,  Ga.,  at  Morgansville  and 
Rising  Fawn. 

In  DeKalb  County,  Alabama,  at  Valley  Head, — a  fair  average 
locality — Schmitz  gives  a  section  from  the  east  side  of  the  valley 
aggregating  4  feet,  as  follows  :  Ore  (soft),  9  to  14  inches  ;  shale  and 
sandstone,  2  to  8  feet;  ore  (soft),  12  to  15  inches;  sandstone  and 
shale,  20  to  30  feet;  ore  (hard),  15  to  24  inches. 

At  Gadsden,  near  Attalla,  in  Etowah  County,  the  ore  is  very 
good,  and  is  not  only  extensively  smelted  near  the  mines,  but  also 
shipped  in  large  quantity  to  be  mixed  with  harder  ores  at  Chatta- 
nooga and  other  points.  This  Attalla  ore  is  soft,  dark  in  color,  and 
very  easy  to  mine  and  use.  A  sample  carefully  taken  from  a  large 
stock-pile  contained  (dried),  SiOa,  3.51  ;  Fe,  58.99 ;  P,  .313. 

A  number  of  other  ores  from  the  same  locality  are  given  in  the 
appended  tables. 

Below  this,  at  Whitney,  in  St.  Clair  County,  a  great  deal  of  ore 
is  mined,  mainly  to  go  to  Birmingham.  Its  appearance  is  very 
similar  to  that  of  the  Attalla  ores,  and  a  fair  sample  analyzed  (dried) 
gave  SiO,,  19.37;  Fe,  47.22;  P,  .187. 

Jefferson  County  has  the  name  of  making  the  cheapest  iron  in  the 
United  States — a  reputation  deserved,  but  due  to  the  great  develop- 
ments of  coal  and  iron-ore  in  the  immediate  vicinity,  rather  than  to 
perfection  of  practice. 

From  Birmingham  to  Woodstock  and  Greenpond,  twent^'-five 
miles  down  the  valley,  the  Clinton  has  its  maximum  size  and  has, 
in  some  places,  20  feet  thick  of  good  ore,  attaining  its  maximum  at 
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Eureka,  where  the  followinij  section  by  Schmitz  shows  its  wonderful 
richness:  1.  Limestone  and  sandstone  of  indefinite  tliickness;  2. 
Sandy  red  ore  (30  to  32  per  cent,  iron),  10  to  12  feet ;  3.  Sandstone 
and  shales,  15  feet ;  4.  Soft  red  ores  (51  to  54  per  cent,  iron),  15 
feet;  5.  Hard  red  ore  (40  per  cent,  iron),  17  to  18  feet;  6.  Sand- 
stone, 3  feet ;  7.  Medium  soft  ore  (50  per  cent,  iron),  3  feet ;  8. 
Limestone  (siliceous);  9.  Limestone  (good);  Total  red  ore,  34  to 
37  feet. 

Southwest  of  this  the  ore  decreases  in  thickness  quite  rapidly, 
but  remains  many  feet  thick  to  its  end. 

The  following  are  typical  analyses  of  this,  the  thickest  part  of  the 
ore.     The  samples  are  all  from  near  Eureka. 


SiOj, 
Fe, 
P,    . 

AlA, 


16.31 
54.98 
.220 
3.76 


31.16 
41.91 
.200 
4.64 


31.62 
43.71 
.191 
4.14 


An  interesting  confirmation  of  the  theory  that  lime  increases  in 
the  red  ore  as  it  is  mined  downward  is  given  by  one  of  the  ore-prop- 
erties of  the  Sloss  Furnace  Co.,  near  Birmingham,  as  shown  in  the 
accompanying  table  condensed  from  the  complete  analysis  given 
further  on. 

The  ore  is  13  feet  thick  and  highly  tilted,  with  an  outcrop  which 
has  been  located  for  many  miles.  At  the  time  of  the  analysis  the 
mine  was  130  feet  deep  on  the  ore,  and  the  following  figures  give 
the  percentage  of  carbonate  of  lime  for  each  10  feet  descent. 


Surface, Trace 

Ten, 

Twenty, " 

Thirty, " 

Forty, 21.06 

Fifty 23.90 

Sixty, 37.01 


Seventy,  . 

. 

.     25.61 

Eighty,     . 

. 

.     29.92 

Ninety,     . 

.     29.89 

One  hundred,  . 

.    23.37 

One  hundred  and  ten, 

.    28.82 

One  hundred  and 

twenty, 

.     21.32 

One  liundred  and  thirty, 

.     30.55 

The  phosphorus  in  this  ore  is  not  over  0.1  per  cent.;  and  the  iron 
is  over  50  per  cent,  in  the  soft,  and  nearly  40  in  the  hard  or  lime 
ore. 

Conclusion. — In  closing  this  section  of  the  red  ores,  I  refer  to  the 
large  series  of  analyses  given.  It  will  easily  be  seen  that,  although 
in  general  the  Clinton  ores  are  too  high  in  phosphorus  to  make  a 
very  good  pig,  yet  there  is  a  large  district,  the  richest  of  all,  in  Jef- 
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ferson  Co.,  Alabama,  where  that  element  is  so  low  that  a  fair  iron 
can  be  made  by  careful  management. 

The  present  rather  bad  name  of  the  southern  coke-irons,  espe- 
cially those  of  Birmingham,  is  not  due  to  the  ores,  but  to  prejudice, 
and  also,  alas !  to  the  careless  and  unscientific  furnace-management 
natural  to  new  and  enthusiastically  conducted  enterprises. 

The  Rockwood  furnace  has  experimented  upon  the  production  of 
a  pig  for  "  basic "  purposes,  and  has  succeeded  admirably,  using 
local  ores  only,  as  may  be  seen  in  the  tables  below. 

IV.  Metamorphic  Ores. 

The  ores  of  the  metamorphic  region  are  very  numerous  and  varied, 
but  generally  are  not  valuable,  owing  either  to  their  impurity,  small 
quantity,  or  inaccessibility.  They  occur,  of  course,  in  the  Appa- 
lachian uplift  only,  and,  except  in  very  few  places,  have  not  been 
developed.  Very  few  of  them  have  been  specially  studied  for  the 
purpose  of  this  paper;  and  this  section  will,  therefore,  be  far  from 
complete,  although  it  would  be  probably  smaller  if  proportioned  to 
the  importance  of  the  ores.  The  localities  are  taken  in  detail  and 
described  briefly,  but  for  the  sake  of  compactness,  all  the  analyses 
are  given  in  the  appendix,  arranged  in  the  same  order  as  the  descrip- 
tions. 

North  Carolina. — The  Cranberry  specular  and  magnetite  ores  are 
so  widely  known  and  occur  so  close  to  the  region  described,  that  I 
include  them  here.  They  occur  in  Mitchell  and  Ashe  counties, 
and  similar  ores  are  in  Caroline  County.  For  some  reason  the  world 
has  heard  a  great  deal  of  "  Cranberry  "  ores  for  many  years,  and 
consequently  has  rated  them  higher  in  the  scale  than  they  apparently 
deserve.  They  occur  in  great  quantity  with  a  remarkably  fine  show- 
ing, and  analyses  have  been  published  from  time  to  time  showing 
their  great  richness  and  purity.  It  seems,  however,  that  when  mined 
in  quantity  for  shipment  they  prove  much  leaner  and  higher  in  ob- 
jectionable impurity  than  expected  by  either  sellers  or  buyers.  The 
analyses  given  in  the  appendix  will  show  that  the  value  of  such  lots 
runs  no  higher,  and  even  far  lower  in  some  cases,  than  many  ores 
already  described  as  abundant  and  accessible  in  Alabama  and  Ten- 
nessee. It  is  probable,  however,  that  more  extensive  and  scientific 
raining,  combined  with  proper  dressing  and  washing,  will  enable 
these  really  great  mines  to  put  an  ore  in  the  market  which  will  more 
nearly  approach  their  reputed  purity ;  and  in  that  case,  such  an  ore 
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will  be  of  very  great  value,  either  for  use  alone  or  to  mix  with 
the  cheaper  calcareous  ores  of  the  South. 

Near  these  ores,  iu  Roane  Mountain,  which  lies  half  in  North 
Carolina  and  half  in  Tennessee,  are  some  cin*ious  beds  of  Titanife- 
rous  ore,  of  which  I  give  analyses.  These  ores  are,  of  course,  of  no 
present  value. 

Tennetisec. — In  the  extreme  southeastern  part  of  Tennessee,  in 
Polk  County,  are  the  well-known  Duck  Creek  copper  ores,  copper 
no  longer,  as  will  be  shown.  For  many  years  these  ores  were  mined 
and  treatetl  at  Atlanta  for  sulphuric  acid,  copper  being  extracted 
from  the  residue  by  the  Hunt  &  Douglass  process ;  and  the  oxides 
of  iron  which  remained  were  considered  quite  valuable  as  iron-ores 
and  sold  under  the  name  of  "  Blue  Billy."  The  copper  has  decreased 
somewhat  in  the  ores,  and  of  late  nothing  has  been  done  with  it. 
The  ores  and  similar  pyrites  are  still  used  for  sulphuric  acid,  but  I 
do  not  know  of  samples  having  been  tested  to  see  whether  the 
residue  is  spoiled  for  the  blast-furnace  by  its  copper-content. 

Georgia. — In  Georgia,  along  the  line  of  the  Appalachians,  there 
are  a  number  of  masses  of  ore  both  magnetite  and  specular.  These 
are  but  little  worked,  except  iu  Bartow  County  on  the  edge  of  the 
metamorphic  region,  where  two  or  three  properties,  occurring  near 
the  Silurian  limonites,  are  fairly  productive. 

Alabama. — In  Alabama,  as  in  Georgia,  metamorphic  ores  occur, 
but  in  only  one  case  in  quantity  sufficient  to  justify  a  hope  that  they 
may  be  valuable.  In  Clay  and  Talladega  counties,  magnetites  oc- 
cur and  have  been  examined.  In  Shelby  County,  near  Columbiana, 
a  curious  bed  of  siliceous  hematite  of  considerable  size  occurs  in  a 
low  hill,  which  is  almost  the  extreme  end  of  the  elevation  dividing 
the  Coosa  from  the  Cahawba.  It  is  possible  that  in  the  future  this 
deposit  may  be  of  some  little  value. 

In  Chelton  and  Coosa  counties,  limonites  are  found  in  considerable 
quantity,  and  in  some  cases  are  evidently  gossans,  as  they  occur  in 
veins  and  become  highly  pyritiferous  a  short  distance  below  the  sur- 
face. It  may  here  be  remarked  that  several  of  these  limonites  in 
Alabama  have  been  mined  for  copper,  because  of  the  iridescent  scum 
seen  on  them  when  they  were  wet.  It  is.  unnecessary  to  say  that 
such  mining  proved  unprofitable. 

V.  The  Subcarboniferous  Brown  Ores. 

The  rough  Subcarboniferous  limestones  and  shales  of  central  and 
western  Tennessee  and  the  adjacent  northwestern  corner  of  Alabama, 
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contain,  in  many  places,  large  superficial  deposits  of  liraonite,  pro- 
duced from  the  country-rock  by  leaching  and  subsequent  precipita- 
tion. These  deposits,  in  some  places,  especially  along  the  line  of  the 
Tennessee  river,  attain  very  great  thickness,  and  are  extensively 
mined.  They  are  generally  cleaner  than  the  brown  ores  of  Alabama, 
somewhat  higher  in  iron  when  raw,  and  harder  and  more  siliceous. 
By  this  I  mean  that  the  lump  or  washed  ores  are  higher  in  silica 
than  the  same  grade  of  Silurian  limonites.  This  explanation  is  neces- 
sary; for  the  high  percentage  of  clay  in  many  Silurian  ores  will 
make  the  unwashed  ore  seem  very  high  in  silica,  and  so  apparently 
contradict  my  statement. 

These  ores  are  quite  similar  to  one  another,  and  do  not  offer  much 
opportunity  for  study,  except  in  the  somewhat  mechanical  matter  of 
special  examination  of  each  deposit  to  determine  its  size,  composition 
and  consequent  money  value.  This  would  be  of  interest  only  to  the 
few  furnace-men  and  property-owners  directly  touched.  Analyses 
have,  however,  been  made  of  a  number  of  ores  from  typical  proper- 
ties scattered  over  the  whole  region,  and  representing  almost  every 
county  which  has  ore  in  paying  quantity;  and  these  analyses  (given 
in  the  appendix)  show  as  well  as  ten  times  the  number  what  the  ores 
really  are.  It  may  be  remarked  here,  that  these  ores  all  carry  vsorae 
manganese,  but  no  samples  have  been  taken  in  which  the  amount  of 
that  element  is  sufficient  to  make  it  of  much  importance.  Besides 
the  ores,  there  are  in  the  tables  of  pig-iron  some  analyses  of  No.  3 
iron  from  the  Warner  furnace,  which  runs.on  these  ores  entirely,  and 
is  justly  the  best-known  of  the  Tennessee  charcoal  furnaces. 

VI.  The  Ores  of  the  Carboniferous. 

In  Alabama  especially,  there  are  many  considerable  beds  of  black- 
band  and  clay  ores,  and  from  time  to  time  attention  is  called  to 
them  as  valuable.  A  number  of  samples  have  been  examined  for 
parties  interested  in  them,  and  analyses  have  been  collected  from 
other  sources;  but  for  the  present  and  the  near  future,  it  is  suffi- 
cient to  quote  the  words  of  a  noted  Alabama  furnace-manager,  "  I 
do  not  think  that  Alabama  needs  her  black-band  ores."  The  beds 
are  not  extensive  as  compared  with  the  deposits  of  other  ores,  and 
are  generally  in  barren  parts  of  the  coal-fields  and  at  present  inacces- 
sible. They  also  frequently  have  the  one  fault,  which  is  almost 
unknown  in  other  Southern  ores,  namely,  a  very  high  amount  of 
sulphur. 
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No  furnace  is  using  them  or  seriously  proposing  to  do  so,  and  for 
tlie  purposes  of  this  paper,  the  information  given  in  the  table  of  the 
api>endix  will  be  fully  sufficient. 

YII,  Coals  and  Coke. 

The  area  occupied  by  the  coal-measures  in  the  States  here  discussed 
is  verv  great;  and  of  that  area  an  unusually  large  proportion  is  un- 
derlain by  good  or  fair  coal.  It  is  not  within  the  scope  of  this  paper 
to  discuss  the  coals  fully,  but  really  the  value  of  an  iron-ore  is  so 
largely  dependent  on  its  dit^tance  from  good  fuel  that  a  knowledge 
of  the  location  and  cost  of  the  latter  is  necessary  before  one  can  judge 
of  the  former.  The  location  and  apparent  value  of  the  coal-fields  in 
the  vicinity  of  the  ores  described  will,  therefore,  be  given  in  a  brief 
but  fairly  complete  sketch  of  the  coals  along  the  line. 

The  accompanying  map  gives  the  general  outline  of  the  coal-meas- 
ures in  the  region,  and  it  will  be  seen  that  they  lie  mainly  in  central 
Tennessee  and  northern  Alabama  and  the  northwest  corner  of 
Georgia. 

In  general  the  Kentucky  and  Tennessee  coals,  along  the  eastern 
and  southern  borders,  are  quite  low  geologically,  and  contain  a  high 
percentage  of  ash  and  sulphur.  This  is  especially  true  of  those  along 
Walden's  Ridge  and  consequently  best  situated  in  reference  to  the 
re<l  ores  of  that  region.  This  coal  is  found  also  in  the  Sequatchee 
Valley  and  in  Dade  County,  Georgia.  The  Alabama  coals  on  both 
sides  of  the  Long  Valley  are  far  better,  being  higher  in  the  series 
and  very  much  purer. 

The  Alabama  fields  are  known  as  the  Warrior  (north  of  the  val- 
ley), the  Coosa  (north  of  the  river  of  that  name),  and  the  Cahawba 
(on  the  river  of  that  name).  Both  of  the  latter  are  on  the  south  of 
the  valley.     These  fields  are  all  productive. 

The  Tennessee  coal  occurs  over  an  immense  area,  but  generally  in 
country  so  rugged  that  the  only  part  of  it  which  is  of  metallurgical 
value  is  that  close  to  ore  or  on  a  railroad  line.  On  the  Cincinnati 
Southern  Railroad,  coal  is  rained  at  many  points  in  southern  Ken- 
tucky and  eastern  Tennessee,  and  it  is  shipped  somewhat  to  the 
furnaces ;  but  the  first  fuel  which  is  really  used  extensively  for  iron- 
making  is  at  Rockwood,  Tennessee,  where  the  Roane  Iron  Company 
mines  about  60,000  tons  annually  for  its  furnaces.  The  formation 
has  been  already  described  and  needs  no  further  explanation.  The 
coal  is  very  bright  and  brittle,  and  makes  an   immense  amount  of 
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slack  ;  but  for  the  purposes  of  the  company  this  is  no  objection,  as 
coal  and  slack  are  both  made  into  coke  in  a  large  plant  of  ovens 
close  by  the  mine.  The  coke  made  is  somewhat  sulphurous,  carries 
a  little  phosphorus,  aad  is  very  high  in  ash,  as  will  be  seen  in  the 
appendix. 

This  Rockwood  coal  may  be  considered  a  fair  sample  of  the  pro- 
duct of  the  lower  Tennessee  seam,  and  of  it  we  can  say  that  on  ac- 
count of  its  position  right  over  the  iron-ore,  it  is  quite  valuable,  but 
if  it  occurred  at  a  distance,  it  could  not  compete  with  the  far  better 
coals  of  Alabama. 

From  Rockwood  to  Dade  County,  Georgia,  on  the  line  of  the  Cin- 
cinnati Southern  Railroad,  and  at  several  points  in  the  Sequatchee 
Valley  and  west  of  it,  a  coal  is  mined  so  like  that  of  Rockwood  that 
the  analyses  need  only  be  given.  All  of  these  coals,  with  one  or 
two  exceptions,  are  used  near  the  mines ;  and  it  may  be  said  here, 
that  coal  is  in  general  throughout  our  region  shipped  short  distances 
only,  since  it  is  so  plenty  and  cheap  to  mine,  that  furnace-managers 
think  they  can  afford  to  use  a  poorer  coke  and  avoid  the  cost  of  trans- 
portation. 

The  Warrior  coal-field  of  Alabama  covers  5000  square  miles ;  and 
the  portion  of  it  which  borders  the  Long  Valley  is  quite  produc- 
tive, giving  in  all  places  a  fair  coal  which  cokes  easily  and  well. 
This  coal  is  the  one  most  used  by  the  furnaces,  as  it  cokes  better  and 
is  so  persistent  that  a  mine  can  always  be  found  within  a  few  miles 
of  the  place  chosen  for  a  furnace.  At  present  it  is  almost  the  only 
coal  used  along  the  valley ;  and  the  Pratt  mines,  near  Birmingham, 
are  the  largest  in  the  State,  not  only  supplying  the  furnaces  near  by, 
but  shipping  largely  for  the  commercial  trade. 

The  Cahawba  coals  are  not  so  uniformly  coking  coals,  but  are,  on 
the  average,  better  than  the  Warrior  in  the  raw  state.  The  mines  at 
Montevallo,  on  the  E.  T.,  V.  &  G.  R.R.,  give  a  very  fine  open-burn- 
ing coal  which  had  a  great  success  for  commercial  and  household  use. 
A  coal  at  this  field,  opened  at  Blockton,  by  T.  H.  AJdrich,  is  re- 
markably pure  and  promises  to  coke  well.  Coking  coals  are  also 
found  in  the  Cahawba  field  near  Helena,  and  at  several  other  points  ; 
and  when  developed  will  probably  be  preferred  to  those  from  the 
Warrior  field  as  being  lower  in  ash.  The'  Cahawba  field  is  small, 
covering  only  between  200  and  300  square  miles,  but  has  several  seams 
of  good  thickness.  Near  its  eastern  and  southern  edge  it  is  tremen- 
dously distorted  and  inclined,  and  it  ends  abruptly  with  almost 
vertical  strata  at  the  great  fault  described  in  the  first  section. 
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The  Coosa  field  is  very  small  and  is  just  being  opened,  as  the  only 
railroads  (the  Georgia,  Pacific  and  East  and  West  Alabama)  reaching 
it  have  recently  been  completed.  The  coals  are  considered  by  many 
as  the  most  promising  in  the  State ;  but  in  one  case,  at  least,  are 
being  coked  with  results  which  are  not  very  satisfactory.  Analyses 
from  this  field  are  not  very  reliable,  as  generally  the  seams  have  not 
been  worked  to  unweathered  coal.  There  are  some  exceptions  to 
this,  however,  as  will  be  shown.  This  field  will  be  very  valuable  if 
it  turns  out  as  well  as  it  is  hoped,  since  it  parallels  the  great  brown 
ore  districts  of  the  Coosa  Valley  almost  as  closely  as  the  Warrior 
does  the  red  ores  of  Long  Valley,  and  it  will  open  great  ore-masses 
which  at  present  are  not  used  on  account  of  the  cost  of  charcoal  or 
coke  from  a  distance. 

The  coke  mentioned  above  ("  Broken  Arrow,"  Cedartown  Com- 
pany) has  been,  until  recently,  very  high  in  ash  and  sulphur,  but 
experiments  are  being  made  in  the  way  of  washing  either  coal,  coke 
or  both,  and  so  far  the  results  have  been  quite  satisfactory. 

VIII.  Limestones. 

A  table  of  analyses  of  the  limestones  used  at  most  of  the  furnaces 
is  appended. 

In  general  limestone  is  very  easily  found  near  the  ore  throughout 
the  whole  south  ;  and  in  many  of  the  Clinton  ores  the  lime  in  the 
ore  is  almost  or  wholly  sufficient  for  fluxing. 
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SILURIAN  BROWN  ORES. 


TENNESSEE. 

Carter  County. 

S.  W.  Williams, 

Johnna  Williams 

Oreen  County. 

S.  L.  Hall 

P.  Dowell, 

Loudon  County. 

T.  T.  Coffin,  _ 

Albert  Lenoir, 

A.  Lenoir, 

Hoskins,  Philadelphia,      .     . 
Jones,  2\  miles  from  Philada., 

Coffin, 

Caws  Spring, 

Loudon, 

Bledsoe  County. 

Surface  specimens  from  line  of 
Sequatehee  Val.  R.  E,.,  ,    . 

Do., 

Hamblen  County. 

Wood's  ore, 

Williams'  ore, 

Do.        do 

Morristown, 

Jefferson  County. 

Alfred  Cline, 

John  Anderson, 

Dandridge, 

J.  H.  Bunch,  S.  of  Tenn.  River, 
Howard's, 

Knox  County. 
J.  Mowry, 

Blount  County. 
S.  Arnold, 


o 

CO 

6 

fe 

8.95 
16.40 

54.73 
48.60 

4.94 
4.64 

57.92 
58.90 

gieo 

4.35 

46.14 
53.71 
59.60 

20.95 

46.80 

30.36 

40.15 

5.19 

14.50 
9.55 

50.00 
54.93 

9.35 

51.95 

3.61 

66.80 

0.065 
0.088 


0.019 
trace 


0.062 
0.146 
0.036 
0.272 
0.168 
0.102 
0.035 
0.019 


0.7950.350 
0.3360.340 


.059 

.028 

.024 

trace 


trace 
.044 
0.122 
0.179 
0.249 


1.060 


.021 


7.56 


<co 


11.55 
11.29 


12.17 
11.17 


11.90 
10.90 


Hygroscopic 

1.57 

Hygrosoopio 

1.37 


11.90 
11.20 


4.90 


.70 
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SILURIAN  BROWN  ORES.— Continued. 


TENNESSEE.— Coiuinued. 
£lount  Cbunty. — Continued. 

James  Walter, 

William  Vaughn,      .     .     .     .     • 

R.  Carpenter, 

Exhauster!  Wd,  "S«atos"iiMr  larysTille, 

Marysville 

Ditto,  2  miles  south,  .... 
Ditto,  2  miles  east,  Pape,  .  .  . 
Ditto,  3  miles  from  M.,  Force,  . 
Ditto,  6  miles  from  M..  Rorex,  . 
Marysrille,  sample  from  pile  at  Bockwood, 

Wilson  ore, 

Rockford  ore, 

Widow  Carpenter, 

Marv  do 

E.    "  do 

Marysville,  Mary  Carpenter,  No. 

1  bank, 

Marvsville,  Mary  Carpenter,  No. 

2  bank 

Marvsville,  Montgomery  bank,  . 

Do.  Vineyard  bank,  .     .     . 

Do.  Seaton  bank,  .... 

Do.  Kerr  farm,     .... 

Do.  Roasted  ores,  H.C.  Evans, 

Roane,  Rhea,  Meigs  Counties. 

Wood's  Wilson  ore, 

Do.  do 

Do.  do 

McMinn  County. 

R.  J.  Praty, 

Hills 

A.  Cox, 

C.  Cote, 

C.  Cote,  ore  in  large  quantity, 

Brown,  sample, 

Thom[)son,  ore  in  large  quantity. 
Near  Riceville, 

Monroe  County. 

Near  Tillico, 

Do.  

Hoskins,  Hiawassee  River  ore,  . 

Do.       Fowler's, 

Do.       Galloway, 

Madisonville,  good  outcrop,  .  . 
Hoskins 


2.63  60.34 
4.11  59.20 
2.40  68.1 1 
4.23  57.68 
5.60  55.16 


4.00  57.04 
1.63 


4.04 

4.64 
5.49 

2.54 

2.87 

13.51 


58.20 


.016 
.027 
.033 
.05 
.044 
.098 
.071 
.045 
.044 
,0815 
.042 

.047 
.033 
.031 

.018 

.030 
.049 
.028 
.075 
.019 
.083 


.097 

1.137 

.066 


3.30  58.59  .120 
7.50  54.48  .530 
4.45  59.50    .044 


4.40 


59.37 


.030 
.031 
.063 
.914 
.141 


41.00  .250 
40.23  .830 
.058 
.013 
.060 
.049 
.704 


.79 
.14 


.46 


43.18 


10.60 
10.45 

11.33 


13.00 


12.02 


10.90 

8.74 
10.80 
10.40 


^00 
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SILURIAN  BROWN  0RE8.— Continued. 


GEORGIA. 

Bartow  County. 

Gov.  Brown's  lump  ore,  W.  &  A. 

K.  H., 

Do., 

Near  Cartersville,  two  lots,     .      \ 

Gov.  Brown's  soft  ore,  Stegall  Sta., 
Do.,  hard,  Stegall  Sta.,  .  .  . 
C.  M.  Jones,  Stegall  Sta.,  .  . 
A.  P.  Rogers,  Stegall  Sta.,  . 
Near  Cartersville,  Mn.  ore,  . 
Phillips,  Mn.  ore,  Stegall  Sta., 
Near  Cartersville,  Mn.  ore,     . 


Gordon  County. 

Snake  Creek  Gap,  Oct.  '74,     . 
Do.  do., 

Do.  April,  '83, 

Do.  do., 

Do.  do., 


Floyd  County. 

E.  G.  Huston, 

Cave  Spring  Woodstock  F.  red  ore. 

Near  Eome, 

Polk  County. 

Prior's  Sta.  E.  T.,  V.  &  G.  ER.  Mn., 
Do.          do.  Wimberly,  Mn., 
State  line  ore,  Tecumseh  Furnace, 
Screenings  of  above, 

ALABAMA. 

Cherokee  County. 

Stonewall  Furnace,    .... 

Tecumseh  F.  mixed, .... 

Baker  Hill,  May,  '84,     .     .    . 
Do.      Eoasted,  May,  '84, 
Do.      500  tons,  Oct.,  '85, 
Do.      Washed,  July,  '85, 

Tecumseh  lower,   .     . 

Jacksonville  upper,  . 

Jacksonville,  Jones,  , 

Tecumseh,  1884,  No.  48, 
Do.  No.  49, 


21.04 
6.22 


17.62 

11.84 

10.22i 

3.51 

16.64 
23.66 


3.70 
11.64 
10.76 
10.65 
10.75 


3.81 

15.99 

.64 


4.06 
17.19 
35.82 


36.20 


0.018 
0.196 
0.265 
0.261 
0.135 
0.148 
0.243 
99  0.313 
0.155 
0.29 


57.02 
50.81 
49.95 
50.00 
50.16 


54.70 
FesOs 
51.56 
Fe. 
28.94 


14.56 
42.92 
31.77 


53.38 
55.99 
49.20 


10.79 

8.88 

9.08 

7.26'61.67 

...    56.44 
16.34,44.77 

4.68 


56.18 
53.16 


0.87 

0.85 

0.926 

0.920 

0.800 


1.213 


0.025 

0.34 

0.159 


.631 
.267 
.557 

.946 

1.125 

1.127 

1.303 

.189 

.074 

.072 


0.04 
0.05 


.03 


48.69 

7.69 

29.36 


0.48 
0.54 


30.90 
38.72 


Mn. 

40.15 


.30 

MnO, 

.30 

1.32 


7.01 


.41 
.41 


.38 


.22 


2.62 


.14 

.09 


AljOj 
1.66 
2.68 
8.64 


11 


11 


10.60 


8.02 


IRON-ORES  AND   CXDALS   OF   ALABAMA,  GEORGIA,  TENNESSEE. 


199 


SILUBIAN  BROWN  ORES.— Continued. 


B  t.  o 


ALABAMA.— Continued. 
Cherokee  County. — Continued. 

Tecuraseh.  No.  4,      ... 

Do.  Avg.  of  Nos.  5, 7,  and  8, . 

Do.  Avg.  of  Nos.  20,  21,  and  22, 

Do.  No.  2S, 

Do.  No.  29, 

Do.  No.  30, 

Do.  No.  35, 

Do.  No.  36, 

Do.  No.  37, 

Do.  No.  39, 

Do.  No.  40, 

Do.  No.  44, 

Do.  No.  45, 

Do.  No.  46, 

Do.  No.  47, 

Calhoun  County. 

Woodstock  ore, 

Oxford, 

Spencer's, 

Benton, 

Pine  Grove  (probably  high  in  clay). 
Wood's  Mine,  Woodstock  F.,  .     . 
Snow's,  Wood's     do.     "lump ore," 
Snow's  Skinner  Hill  Woodstock  F., 

Do.  do.        pot  ore,  .     . 

Rocky  Hollow  Mn.  ore, 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 


do.    needle  lump. 

do. 

do. 

do. 

do. 

do. 

do.  Cleardale  ore, 

do.  do 

do.  Wood's, 


E(x;ky  Hollow  Mn.  ore. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 


Nov.  '78, 
do. 
fine  black  ore, 
Hawkii'i  Bank, 
do. 
do. 
do. 


9.23  50 
1.19159 
0.15  59. 


3.21 

25.42 


6.74  55, 

4.78  55. 

8.77  57. 
57, 
49, 
58 
63 
60 
44 

7.36,53 
47 
11.90  43 
49 


8.77 
7.15 


.28 

.20 

.22 

.710 

.378 

.115 

.265 

.188 

.248 

.316 

.498 

.275 

.108 

.078 

.189 


trace 
.245 
trace 
.059 
.095 
.08 
.094 
5014.50* 
65  trace 


,25 
29 
,30 
,80 
23 
21 
,40 
,85 

52.08 


Haley's  Cut,  E.  of  Anniston,  calcioed  ore, 
Do.  do.  slaty  ore, 


12.25 

7.00 

9.22 
12.47 

3.13 

21.55  42, 
17.38  43, 

7.391  . 
12.98!    . 

7.80  56 
25.11  50 


.23 


.042 

.119 

.422 

.00 

.094 

trace 
.32 
.08 
.439 
.328 
.781 
.425 
.509 
.346 

trace 
.094 


53 

47.21 1  trace 


75 

.02 

.15 

.04 

trace 

.04 

.is  1.07 

61 

.03 

.001 


4.68 

4.68 

20.41 

8.58 

2.64 

4  89 

14.80 

18.76 

20.16 

8.27 

6.00 

2.70 


27.00 

18.76 

20.16 

6.28 

4.50 

26.47 

0.99 

4.18 


13.36 
12.78 
12.70 


14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 


*  Probable  error  in  copying. 
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SILURIAN  BROWN  ORES.— Continued. 
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Calhoun  County. — Continued. 

Haley's  Cut,  E.  of  Aunistoo,  brown  slate  clay  ore 

24.39 

43.47 

.043 

1.70 

10.81 

9 

Do.             do.     red  soft  ore, 

3L59 

30.52 

.12 

9 

Do.            do. 

23.05 

31.81 

.076 

14."56 

9 

Woodstock  F.,  near  Anniston,  "  washed  ore," 

9.4G 

52.01 

.103 

5 

Talladega  County. 

Alpine,  ore  not  used,      .... 

0.76 

56.74 

1.52 

trace 

7 

Seay  Bank,  Alabama  F.,     .     .     . 

7.58 

54.28 

.13 

.42 

2.07 

... 

11. '86 

7 

Irona  do.             do,              ... 

11.71 

48.25 

.06 

3.77 

3.59 

11.52 

7 

Shelby  County. 

Montevallo,  6  miles  N.  E.  Shelby  Iron  Co. 

3.09 

58.89 

.09 

.46 

trace 

.27 

1.10 

11.19 

10 

Do.              do.                do. 

13.49 

51.43 

.14 

.28 

1.03 

.46 

11.27 

10 

Helena,  5  miles  N.  E.          do. 

1.50 

58.82 

.49 

.03 

.10 

MnOj 

1.49 

.20 

.25 

11.98 

10 

Shelby  Iron  Works, 

7.06 

55.20 

.16 

.14 

2.37 

.59 

9.25 

11 

Do.          do.           a  roasted  ore. 

11.74 

56.19 

.05 

.16 

.75 

1.59 

.69 

3.80 

11 

Ore  varying  greatly  at  surface. 

large  quantity  "sloss,"    .     .     . 

66.10 

7 

Ore  varying  greatly  below  surface, 

large  quantity  "sloss,"    .     .     , 

32.50 

41.93 

.368 

7 

Shelby  Iron  Works,  avg.  raw  ore, 

7.51 

53.62 

.160 

5 

Do.           do.             do.    roasted. 

8.31 

55.66 

.175 

5 

Montevallo,  Tecumseh  Iron  Co., 

14.70 

48.03 

.127 

5 

Shelby  Iron  Co.,  needle  ore,    .     . 

5 

Montevallo  ore,  1884,     .... 

11.61 

51.55 

'.27 

3.'40 

"."17 

ll'.'i5 

Shelby  Iron  Works,  black  lump  ore. 

5 

Do.           do.           ordinary  do. 

5 

Do.          do.        Archer,  raw,  unwashed, 

7.49 

40.05 

.333 

.103 

'.70 

24.'52 

'.'65 

8.'41 

12 

Do.          do.              do.         do. 

27.27 

34.87 

.064 

.045 

1.05 

12.77 

.62 

8.22 

12 

Do.          do.              do.          do. 

8.56 

49.12 

.059 

.105 

.49 

11.52 

.73 

8.22 

12 

Do.          do.              do.          do. 

13.38 

37.82 

.095 

.126 

.79 

24.63 

.65 

6.00 

12 

Do.          do.              do.         do. 

22.00 

41.90 

.053 

.070 

.79 

8.95 

.62 

7.49 

12 

Do.           do.               do.          do. 

6.38 

49.17 

.386 

.095 

.88 

9.82 

.70 

10.86 

12 

Do.          do.              do.          do. 

8.09 

51.17 

.309 

.076 

2.71 

9.54 

.57 

5.39 

12 

Do.           do.               do.          do. 

25.03 

41.19 

.066 

.065 

1.57 

5.28 

.58 

8.40 

12 

Do.           do.               do.          do. 

13.03 

48.83 

.077 

.048 

1.95 

5.38 

.50 

9.09 

12 

Do.           do.               do.          do. 

17.37 

45.73 

.086 

.040 

2.13 

5.61 

.64 

8.60 

12 

Do.           do.               do.          do. 

14.85 

46.12 

.013 

.299 

1.69 

9.13 

.47 

5.37 

12 

Do.           do.               do.          do. 

23.98 

40.02 

.064 

.034 

.75 

10.93 

1.39 

5.55 

12 

Do.           do.               do.          do. 

11.80 

49.82 

.106 

trace 

.47 

3.61 

.75 

11.92 

12 

Do.           do.               do.          do. 

9.31 

51.47 

.065 

.087 

1.60 

8.91 

.86 

5.43 

12 

Do.           do.               do.          do. 

8.3S 

52.58 

.151 

.099 

1.02 

8.79 

.61 

5.48 

12 

Do.           do.               do.          do. 

12.35 

47.54 

.075 

.028 

1.57 

10.79 

.91 

6.22 

12 

Do.           do.               do.          do. 

8.60 

51.47 

.222 

.76 

9.65 

.79 

6.16 

12 

Do.          do.              do.    washed, 

11.03 

51.24 

.164 

1.23 

8.43 

.82 

4.92 

12 

Do.          doi     Archer,  "louped," 

over-roasted  ore,      .... 

6.60 

61.44 

.007 

.055 

1.83 

2.44 

.73 

.49 

12 

Shelby  Iron  Works,  Archer,  roasted. 

9.16 

60.01 

.059 

.018 

1.84 

1.93 

.52 

.65 

12 

J)o.          do.             do.        do. 

12.85 

53.96 

.165 

.075 

2.69 

5.34 

.65 

.62 

12 
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SILUBIAN  BROWN  ORES.— Continued. 


ALABAMA.— Continued. 
Shtlby  County. — Continued. 

Shelby  Ipiu  Works,  Archer,  raw, 

from  large  pit, 

Ditto, 

Ditto,  .     .  ■ 

Ditto 

Ditto, 

Ditto 

Ditto 

Ditto, 

Ditto 

Boasted  and  screened,  1882,    .     . 

St.  Qair  Comity. 

Springville, 

Bibb  County. 

Briarfield,  5  miles  north,  pipe  ore, 
Do.       5  miles  west,  compact  ore 

Ashby  I.  Co.  lands,  avg.  of  bank,  1, 
Do.  do.  do.  compact  liver  ore,!  3.06  57.91 
Do.  do.  do.  avg.  ofbank,  2,  7.S4|51.96 
Do.     do.      do.  do.  3,'  5.61;oo.05 

Slarrland,  average,    .....      14.lll50.07 


6.97  oO, 
6  07  48, 

6.98  49. 
5.92  50. 
9.94  48. 
7.00  48. 
7.10  52. 

7.99  50. 
7.82  51. 

10.00  52. 


13  .559 

24  .316 

61  .177 

64  .450 

58l  .311 

971  .186 

20  .201 

26  .323 

68,  .308 

50  .13 


7.21  58.41 


3.34  61.27 
3.06  58.01 
6.04  56.10 


Green  Pond,  A.  G.  S.  ER.,     .    . 
Do.  do. 

Do.  do. 

Do.  do. 

Tuscaloosa  County. 

Near  Woodstock  Sta.  A.  G.  S.  RE., 
Do.  do.  do. 

Do.  do.  do 

Coffee's  branch,  near  Woodstock 
A.  G.S.  RR.,    .... 


11.45  38.55 
3.1058.97 

34.0340.27 
3.28  58.75 


:| 


Jefferson  County. 

Cahawba  Valley  "  Sloss  Co.,"  1881, 
Do.  do,  do. 

Do.  do.  do. 

Alice  Furnace  Bank,  south  of  Bir- 
mingham, sampled  by  J.  B.  P., 

Mt.  Pinson 


2.46 
12.16 
2.98 
9.80 
3.55 
9.44 


10.92 
5.18 
4.14 

24.47 
22.15 


59.15 
52.55 
58.01 
50.68 
53.80 
52.81 


43  99 
36.03 
56.59 

43.95 
49.15 


.146 


trace 
.18 
.45 
.24 
.58 
.57 
.35 


trace 
trace 
trace 


.25 

trace 
.12 
.15 


.91 
.61 
.89 

.14 


trace 


trace 


.48 
.45 

.45 


.14 
.14 
.14 


.11 

.07 
.07 


Mn 
.56 
.68 
.89 

1.02 
.47 
.67 
.40 
.66 
.84 
.30 


.36 


.12 

.95 

.92 

.95 

3.36 

.11 

.41 

Mn. 

11.44 

trace 

trace 


Mn02 
.30 

102 

trace 


10.00 


3.38 


.27 
.35 
1.43 
.35 
1.47 
1.36 
2.65 


trace 
trace 


.91 
.30 
1.39 
3.75 
2.95 
3.61 


1.S 


.70 


1.05 
1.21 
.08 
1.21 
.23 
.16 
.18 


.30 
.47 
.13 

5.50 
.46 


3.30 


3.79 


8.54 
7.41 
10.49 
7.41 
12.44 
12.72 
10.49 

11.62 

13.09 

8.55 

12.51 


11.35 
12.14 
11.55 

10.25 


.2     *" ' 
g  t.  o 


12 
12 
12 
12 
12 
12 
12 
12 
12 
12 


10 
10 

7 
10 

7 
7 
7 


13 
13 
13 
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RED  FOSSIL  ORES. 


TENNESSEE. 

Roane,  Rhea,  Meigs  Counties. 

Koane  Mines,  2  m.  N.  Rockwood,  1881, 
Do.  do.  do. 

Do.  do.  do. 

Emory  Gap, 

Do.  "  Davis,"    .... 

Glen  Alice,  "  Kobb's"  (14.58  H^O 
when  mined), 

Glen  Alice,  "  Kobb's,"  .... 
Do.  Roberts'  fine  ore. 

Do.  do.      average, 

Do.  do.      dried,     .     . 

Dykes, 

bo.    Cincinnati  Southern  R'y., 

Jackson  Ferry, 

Do.  

Do.  

Roberts  &  Winton,  S.  of  Tenn.  Riv 

Welcker  R.I.Co.  land,  do.      do. 

Do.         do.       do.  do.      do. 

Do.  1880,  S.  of  river 

Do.  1883, 


Hill  &  K.,  1883, 
Do. 
Do. 
Do. 
Do. 


do 
1883,  do 

1883,  thin  vein,      do 
1883,  do 

Upper  thin  vein,  1883,   do 
Kendricks  &  H.,  soft  ore,    do 
Do.         do.      hard  ore,  do, 
Hinch's  Crescent  Ore,   .      do. 
Do.  do.         .     do. 

Roberts'  ore,  .  . 
Brown's  ore,  .  . 
Near  Rockwood,  . 
Riley's  Creek,  1881, 

Do.  Stigall's  ore,  soft. 

Do.  do.       do. 

Do.  do.       hard, 

Neal's,  1882, 
Do.     1884, 
Denton,     . 

Do. 
Nichols,    . 
Caw  wood, 
Robinson, 

Johnson  &  Webster, 
Nichols,    .... 
Musselman  ore,  1882 
Ellis  ore,  Tenn.  River,  hard, 


9.70 


14.78 
14.81 

20.70 
20.63 


15.58 
15.66 

4.02 

4.06 


8.18 

8.72 

10.40 

12.00 


20.48 


10.74 


9.64 

14.40 
19.31 
11.06 

9.32 


50.20 


48.36 
48.39 

40.82 
40.78 
40.38 
40.22 
50.71 
46.20 
46.11 

34.46 
45.70 
34.49 
39.92 

52.20 

56.88 

45!64 

32.54 
19.99 
38.50 
32.45 
38.50 


5110 
36.72 

37.01 
50.14 
53.55 
48.46 
45.84 
35.96 
50.62 
46.87 


13.39  49.37 

13.7149.89 

3.02i  14.92 


.58 
.02 
.34 
.63 
.633 

.607 
.60 


.57 
.568 


.39 
.29 

.483 


.403 


.297 


.582 
.815 
.512 
.443 
.536 
.251 
.533 
.264 
.311 
L175 
.153 
.586 
.355 
.125 
.055 


trace 
trace 


trace 


trace 


trace 


3.06 

i.'k 

i!34 

1.36 

CaO.CO, 
6.60 

36.60 

Ca.b. 
.32 


CaO.CO^ 
46.10 
63.71 


trace 


8.14 


5.86 


2.50 
2.47 

9.04 
9.10 


6.40 
6.45 


5.16 


69.17 


3  fc  °  ^ 


7.71 
6.37 

11.50 

20.68 


10.68 

11.09 
23.00 
10.65 
l6.'80 


37.00 


6.20 

4.06 

24.64 


9.31 


1.90 


1.23 


IKON-ORES  AND   COALS  OF   ALABAMA,  GEORGIA,  TENNESSEE.      203 


RED  FOSSIL  ORES.— Continued. 


TENNESSEE.— Continued. 

00 

'Z 

1^' 

CO 

o 

< 

d 

Chemist 

or 
Authority 
See  p.  218. 

Roant,  Rhta,  Meigs  Counties. — Cont. 

Ellis  ore,  Tenn.  River,  soft, .     .    . 

Do.              do.       do.     .     .     . 

Gillespie  ore,  Tenn.  River,  dried, 

sample  bv  J.  B.  P.,     .     .     .     . 

Rockwootl  furn..  dust  from  1882-84, 

avg.  of  2  yrs.  stock,  Duncan,  Ch., 

14.64 

9.18 
13.24 

43.06 
39.31 

55.79 

44.46 

.364 

.82 
.319 

72.00 

.45 

8.10 

6.66 

17.87 
4.88 

2 
6 

5 

6 

Hamilton  County. 

Rnst  side  of  Lookout  Mountain, 

National  Cemetery,  3-foot  vein, 

Soddy  ore . 

25.75 

52.00 
40.50 

.150 

.277 

6 
6 

James  County. 

Ca. 

Ooltewah  fossil  ore,  E.  T.  V.  & 

G.  R.  R 

!  Paint  ore,  Ooltewah,      .... 
1  Hinch-Chamberlain  ore,  Ooltewah, 
Taylor's  Ridge,  limestone  ore,    . 
Do.                         do. 
Do.         GraTel  ore,  probably  drift. 
Do.             do.           do. 
j             Do.         siliceous  ore,    .    . 

3.32 
11.9() 
16.45 
16.51 
17.50 
11.35 
16.63 
23.40 

24.50 
58.20 
56.00 
53.69 
53.26 
59.05 
62.72 
54.54 

.262 

.280 
.399 
.203 
.075 
.054 
.395 

io 

T.  high. 

1.81 
.00 
.00 
.00 
.00 
.00 

5 
6 
6 
15 
15 
15 
15 
15 

Bradley  County. 

Charleston  ore,  wet,  Sept.  1882,  E. 
T.,V.,  &  G.  RR.,  Hiawassee  Riv., 

33.09 

... 

6 

Marion  County. 

South  Pittsburgh  Mines,  sample 
by  J.  B.  P.,  from  large  shipment, 

7.07 

27.93 

.282 

18.11 

... 

5 

GEORGIA. 

Dade  County. 

Morgansville,  sample  by  J.  B.  P., 

6.14 

28.48 

.274 

5 

Walker  County. 

Lookout  Mountain,  vein  east  side,  f 
reaches  to  Chattanooga.    1882.  \ 

McCrath  from  Lookout  Valley. 
August,  1882, 

... 

52.22 
52.00 

28.92 

.154 
.150 

5 
5 

6 
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RED  FOSSIL  ORES.— Continued. 


o 

0 
a 

0 

d 

lemist 
or 

thority 
:  p.  218. 

ALABAMA. 

t» 

h 

(U 

O! 

^ 

0 

^ 

W 

"     <& 

Etowah  County. 

Attalla,  J.  B.  P.,  A.  &  G.  S.  KR., 

3,51 

58.99 

,313 

Ca.O 

5 

Do.        do.        stock  pile,   .     . 

5 

Gadsden  Fur.  Co.,  taken  near  furn,  1882, 

22!i3 

49.50 

.124 

6 

Do.           do.              do.           do. 

13.20 

53.00 

6 

Do.           do.              do.           do. 

7.50 

59.06 

,134 

6 

Gadsden  ore  as  shipped  1882,     . 

11.84 

51.94 

,269 

6 

St.  Clair  County. 

Near  Whitnev,  A.  &  G.  S.  R'y., 

by  J.B.Porter,  1883,     .     .     . 

19.37 

47,22 

,187 

5 

Springville, 

16.24 

49.40 

.690 

',26 

'.94 
CaO.CO., 

3.'31 

10 

Pierce's  Mill, 

27.74 

36.02 

.069 

.24 

17.89 

2.32 

2 

Jefferson  County. 

Eureka  Mines,  near  Birmingham, . 

16.31 

54,98 

.220 

trace 

3.76 

16 

Do.                do.       Different  bank, 

31.62 

43.71 

.190 

trace 

• 

4.14 

16 

Do.                do.              do. 

32.04 

41.98 

.210 

trace 

... 

5.13 

16 

Do.                do.              do. 

31.83 

42.36 

.210  trace 

4.46 

16 

Do.                do.              do. 

31.16 

41.91 

.200!  trace 

4.64 

16 

Do.                do.              do. 

31.91 

42.22 

.210!  trace 

4.05 

16 

Do.                do.              do. 

16.73 

46.79 

.185  trace 

2.01 

16 

Alice  Furnace,  hard  ore,  sample  by  J.B.P. 

17.85 

50.76 

.370 

5 

Do.                    do.             do. 

18.75 

49.36 

.232 

5 

Sloss  Mines,  S.  of  Birmingham,         surface 

9.90 

58.10 

, ,, 

, ,, 

trace 

3.'25 

13 

Do.              do,       10  ft.  below  do. 

12.55 

55.59 

trace 

1.44 

l'.'45 

13 

Do.              do.      20  do.       do. 

10.86 

56.13 

... 

trace 

1.27 

13 

Do.              do.      30  do.       do. 

12.63 

55.97 

.079 

trace 

3.06 

13 

Do.              do.      40  do,       do. 

9.36 

40.60 

21 .06 

2.45 

13 

Do.              do.      50  do.       do. 

13.20 

37.74 

23.90 

2.25 

13 

Do.              do,      60  do.       do. 

5.20 

33.09 

37.91 

1.45 

13 

Do.              do,      70  do.       do. 

8.94 

38.10 

25.61 

1.68 

13 

Do.              do,      80  do.       do. 

7.73 

35.42 

29.92 

3.93 

13 

Do.              do,      90  do,       do. 

7.55 

35.60 

29.89 

3.54 

13 

Do.              do,     100  do,       do. 

9.53 

40.40 

23.37 

2.78 

13 

Do,              do,    110  do.       do. 

7.26 

37.71 

28.82 

2.29 

13 

Do.               do.     120  do,       do. 

9.06 

40.49 

21.32 

3.20 

13 

Do,              do.     130  do.       do. 

11.35 

33.60 

30.55 

4,47 

'.'61 

13 

Do.           10  miles  north  of  Bir- 

mingham, on  same  vein  as  above, 

14.196  58.11 

.069 

Ca.O. 

2.10 

1.58 

13 

Near  Mt.  Pinson, 

19.64  50.21 

Mines  Ga]), 

19.08 

53.36 

.231 

2.28 

1,42 

16 

9  miles  above  Mines  Gap, 

17.22 

54.93 

.214 

1,87 

1.59 

16 

1^  do.     below          do. 

17.89 

54.12 

.223 

2.10 

1.75 

16 

Near  Jonesboro,    .     ,     ,     , 

12.18 
39.15 

56.64 
38.16 

!l27 
.136 

.28 
.35 

2.68 
1.81 

2.'96 
3.31 

Do.               .... 

Do.               .... 

60.05 

25.96 

,038 

trace 

1.71 

,62 
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RED  FOSSIL  ORES.— Continued. 


ALABAMA.— Continued. 
Jefferson  Cbunty. — Continued. 

Potters, 

Do 

Eureka  Mines,  near  Oxnioor,  top 
and  soft 

Eureka  Mines,  near  Oxmoor,  bot- 
tom and  liard, 

Pierson's, 

Trussville,  2  miles  south,  .     .     . 

Tuscaloosa  County. 

Near  Tannehill,  west  side  of  valley, 

Do.  do.        do. 

Near  Green  Pond,  do.        do. 


o 

00 

0m' 

CO 

o 

a 

1 4.-56 

52.49 

.570 

9.04  40.81 

.249 

13.19  53.95 

.223 

15.25  50.33 

.332 

9.78  56.81 

.410 

.27 

49.40 

... 

17.38 

50.82 

.090 

.00 

10.39  55.51 

.060 

.08 

18.60 

50.35 

.280 

12.55 

1.50 

J5.25 
Ca.O. 
2.06 

2.86 


3.35 
2.14 
3.30 


6.06 
5.37 
5.25 


2.75 
3.50 


.60 


13 
13 
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METAMORPHIC  ORES. 


d 

6 

d 

o 

d 

emist 
or 

hority 
p.  218. 

NORTH  CAROLINA. 

(4 

dn' 

1^ 

a 

< 

tiT 

J3      -^  a 

Caroline  County. 

King's  Mt.  magnetite  fine  ore,  not 

shipments, 

4.27 

65.67 

.033 

.18 

.46 

1.20 

Ditto, 

.43 

68.03 

.036 

.21 

.56 

1.53 

Ditto, 

2.78 

67.04 

.013 

.24 

.45 

.78 

Ditto, 

.97 

66.91 

.013 

.21 

.53 

2.57 

Ditto  (coarse  ore). 

.78 

67.97 

.023 

.11 

.48 

1.41 

Ditto, 

3.14 

61.50 

.011 

.07 

.13 

.33 

8.45 

Ditto,- 

3.19 

61.53 

.009 

.16 

.12 

.32 

8.31 

Ditto, 

9.45 

62.36 

.028 

.31 

.36 

.72 

Mitchell  County. 

S. 

Ti.03. 

Koan  Mt.  magnetite,  titaniferous 

hand  sample, 

3.66 

65.44 

trace 

.38 

.33 

.60 

5.33 

18 

Ditto  (specular), 

4.41 

64.37 

.17 

.23 

.20 

2.74 

.62 

18 

Ditto,  ......... 

11.74 

58.35 

trace 

.05 

.74 

4.35 

18 

Cranberry  ore,  600  tons,  Nov.  '85 

) 

rf,       ... 

36.36 

6 

Do.            60   do.  Oct. '82 

35.36 

6 

Ditto,  ...      60   do.  Oct.  '82, 

35.30 

6 

Ditto,  avg.  sample,  1st  quality  ore 

, 

40.63 

... 

6 

Ditto,  sample  from  shipm't  Apr.'i 

^2,  22.94 

43.15 

.020 

.292 

9.20 

7.46 

trace 

6 

Ditto,  sample  from  20  tons  Sept.  '8 

2,      ... 

32.68 

6 

Ditto,  Wilder's  Red  Rock  spec.  July,  '82 

61.99 

.569 

6 

Ditto,  Wilder's  magnetite,  shipm 

t,  28.30 

38.71 

.016 

.164 

trace 

6 

20. 

45. 

.01 

13.88 

53.68 

.026 

.092 

11.00 

.00 

2 

TENNESSEE. 

Polk  County. 

HjO. 

Duck  Creek,  Blue  Billy  ore,  . 

7.75 

59.19 

.009 

2 

Do.                  Do. 

5.67 

38.23 

.09 

i.'si 

.12 

2.96 

li.'ei 

2 

GEORGIA. 

Bartow  County. 

Cartersville  specular,     .    .    . 

27.53 

45.63 

.193 

.069 

Mn 

2 

Mn.  ore  occurring  with  spec,  . 

0.155 

48.69 

2 

Wheeler,  "  gray  specular," 

0.470 

2 

ALABAMA. 

Clay  County. 

Magnetite,  N.  E.  cor.  of  county. 

2.75 

60.40 

trace 

6.24 

trace 

6.00 

.91 

10 
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METAMORPHIC  OBES.— Continued. 


All  ABAMA. —Continued . 
Talladega  Chunty. 

Magnetite,  near  Childersburg,     . 
JDo.  do. 

Shelby  County. 

Siliceous  hematite,  near  Colum- 
biana, 2  miles  off, 

Ditto, 

Ditto, 

Ditto, 

Ditto, 

Chilton  County. 

Limonite,  N.  E.  part  of  Co.,  soft, 

"  gossan,"  . 
Ditto,  .  .  . 
Ditto  (hard). 
Ditto,  .  .  . 
Ditto,  .  .  . 
Ditto,  .  .  . 
Ditto,  .    ,    . 

Coosa  County, 

Limonite,  gossan,  .     .     . 

Manganese  ore,  Rockford, 


24.60' 53.90    .022 
10.30  60.40    .065 


30.03  42.51  trace 


29.06  44.61 
23.45  49.0S 
16.24  49.27 
20.74  53.81 


40.62'32.30 
1.6161.71 
9.2654.81 

10.9243.99 
5.1856.03 
4.1456.59 
5.58  56.30 


1.78  58.22 
1.63 


.30 
.34 
.61 


.43 

.68 

.12 

.908 

.610 

.896 

.402 


.40 


a5 

o 

d 
1^ 

d 

a 

o 
< 

d 

.04 

12.00 

.06 

.08 

.90 

.14 
1.60 

1.94 

5.88 
3.66 

1.26 

.li 

1.58 

4.00 

.60 

.26 
.51 

1.25 

3.31 
1.55 

7.45 

.07 

.29 

1.14 

1.85 

7.51 

.20 

.02 

.42 

1.35 

7.16 

.03 

.50 

.66 

1.65 

10.90 

.112 

trace 

.071 

.068 

.140 

.68 

1.60 

10.63 

.61 

.25 

Mn. 

.54 

3.67 

9.79 

.153 

43.18 

10 
10 


10 

7 

11 

10 

2 


10 

10 

10 

6 

6 

6 


10 
2 


MANGANESE  ORES 
From  ''Blue  3fountain"  near  Anniston,  Alabama. 

Lots  of  several  hundred  tons. 


1 

2,       

3, 

4,  Lump  ore,      .    .     . 

5,  Small  ore  and  clay, 

6,  Fine  ore,    .    .    .    . 


Si02. 

Fe. 

Mn. 

P. 

1.71 

16.15 

36.43 

23.15 
16.98 

.00 

47.21 

7.56 

.107 

35.28 

10.06 

.002 

j    ... 

37.21 

9.29 

.003 

9 
9 
9 
9 
9 
9 
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SUB-CARBONIFEROUS  BROWN  ORES. 


TENNESSEE. 

d 

u* 

Ph' 

CO 

d 
a 

i 

d 

d 

Chemist 

or 

Authority 

See  p.  218. 

Montgovwy  County. 

T.  P.  Gracy,  CLarkville,      ,     .     . 

.285 

2 

Dickson  County. 

Gooderich  Mines,  Nashville  and 
Tus.  EK 

6.07 

55.81 

.173 

5 

Hkkman  County. 

George  bank,  6  miles  east  Cen- 
treville 

Jerrybranch,  Duck  River,  5  miles 
east  Centreville, 

Mill   Creek   bank,  8   miles  east 
Centreville, 

Etna  bank,   6   miles  south  Cen- 
treville, surface, 

Etna  bank,    6    miles  south  Cen- 
treville, Pit  No.  1,      .... 

Etna  bank,   6    miles  south  Cen- 
treville, Pit  No.  2,      .... 

18.79 
8.78 

10.98 

43.02 
.731 

25.29 

47.93 
52.58 
50.86 
32.44 
65.04 
43.20 

.257 
1.347 
.472 
.302 
.311 
.265 

.201 
.406 

5 
5 
5 
5 
5 
5 

Perry  County. 

Cedar  Creek  Furnace,  south  side 
of  bank, 

4.54 

52.59 

.391 

5 

Decatur  County. 

2J  miles  north, 

40.73 

33.59 

.066 

5 

Lawrence  County. 

Near  Lawrenceburg,      .... 

56.12 

23.75 

.214 

.120 

5 

ALABAMA. 

Lauderdale  County. 

Bluff  Creek, 

5.58 

56.45 

.402 

.26 

.09 

12.31 

8 

Franklin  County. 

Near  Russellville, 

Do.                        

3.16 
2.86 

59.29 
58.46 

.334 
.332 

.054 
.085 

.09 

.188 

.44 

.407 

.22 
1.41 

10.44 
11.85 
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CARBONIFEROUS  ORES. 

(This  table  Is  Uken  mainly  from  E.  J.  Schmitz,  Trans,  xil,  144.) 


ALABAMA. 

^ 

04 

Of} 

it 

o 

a 

d 

o 

< 

Chemist 

or 
Authority 
See  p.  218. 

St.  CUiir  CotnUy. 

Siderite,  Upper  Cahawba  River, 

2.74 

39.23 

.282 

1.92 

.28 

32.52 

5.54 

Jefferson  Chunty. 

Clay  Iron  Stone, 

6.37  42.23 

1.06 

2.00 

1.17 

.06 

Blackband,      raw,      Pierce's  Mine, 

3.3021.*<0 

.216 

trace 

2.00 

2.75 

3.53 

Do.         calcined,             do. 

7.95,52.47 

.520 

trace 

7.40 

.00 

8.50 

! 

Fixed 

Carbon. 

Do.           coked,               do. 

5.93  39.15 

.370 

trace 

5.52 

42.20 

Do.             do.  Hochne  do. 

35.64 

33.35 

Do.         residue,    do.       do. 

'.'.'.    24.29 

.300 

6.'i7 

51.81 

Do.             raw,  Newcastle, 

5.33  36.38 

.275 

trace 

3.90 

trace 

5.10 

Do.        calcined,     do. 

...    55.28 

32.93 

AI2O3 

Do.        Mcllvain,     .... 

.71 

35.75 

trace 

trace 

3.36 

.00 

24.25 

1.18 

Shelby  County. 

Blackband,  raw,  Coosa  Coal  Field, 

7.76  30.39 

.246 

5 

Do.    calcined,     do.        do. 

12.48  48.89 

.395 

'.94 

5 

OuUman  County. 

Clay  Iron  Stone, 

19.38  40.37 

Do.         do.         E.  of  Cullman, 

9.06  52.19 

.52 

.10 

5.31 

Do.         do.   S.  W.      do. 

48.04 

trace 

Winst<m,  County. 

Clay  Iron  Stone, 

5.21 

35.00 

.149 

.137 

5.91 

.17 

2.40 

4.05 

Walker  County. 

Carbon- 
ates. 
9.95 

Clay  Iron  Stone, 

14.94  35.04 

1.20 

.84 

.13 

VOL.  X\'.— 14 


210      IRON-ORES   AND    COALS   OF    ALABAMA,  GEORGIA,  TENNESSEE. 


COALS  AND  COKES. 

(This  table  is  taken  mainly  from  E.  J.  Schmitz,  Trans,  xii,  144,  and  the  Ala.  Geol.  Survey.) 


KENTUCKY. 

n:  0  a 
„  t.  0 

C3-3  J 

1x5 

< 

'XI 

0 

Chemist 
or 

See  p.  21  li 

Pidaski  County. 

H;ippy  Hollow,  large  shipments,     .     . 
Beaver  Creek,  Greenwood  Seam,  large  lot, 
Greenwood,           do.            do.      .     .     , 
Barren  Fork,  Flat  Kock, 

1.30 
1.32 

1.26 
1.28 

3.16 
1.56 
2.72 
1.40 

.35.15 
39.44 
39.35 
35.33 

57.51 
52.48 
55.72 
60.85 

4.14 
5.52 
1.23 
1.53 

.04 

1.00 

.98 

.89 

5 
5 
5 
5 

TENNESSEE. 

Scott  County. 

Glen  Mary,  large  lot, 

Do.          

1.26 

0.70 

39.55  57.87 

1.11 

.77 

5 

1.67 

34.53  61.66 

2.14 

.88 

.039 

2 

Helen  wood,  large  lot, 

Do 

i.38 

.75 
1.83 

32.33 
41.29 

46.61 
54.24 

16.94 
2.64 

3.37 

5 
2 

3Iorgan  County. 

Poplar  Creek,  large  lot, 

1.29 

1.05 

38.93 

55.72 

3.00 

1.30 

5 

Mhea  County. 

Dayton,  large  lot, 

1.34 

.82 

29.13 

61.68 

7.07 

1.30 

5 

Anderson  County. 

9, 

*  1   • 

•::  0  c 
•z  '~  0 

S3 

^  j3 

0 

0 

0 

Coal,  Coal  Creek,  .     .     : | 

1.29 
1.04 

34.86 
34.82 

5<^.41 
57.52 

5.44 

3.09 

".20 

2 
2 

Roan  County. 

Coal,  Rock  wood, 

1.39 

32.^9 

60.75 

5.27 

2 

Do.         do 

1.75 

26.62 

6(1.11 

11.52 

i.49 

2 

Coke,       do.            

1.37 

3.32 

76.64 

18.67 

.628 

.103 

6 

Hamilton  County. 

Coal,  Soddv 

1.15 

27.82 

64.39 

6.64 

.501 

2 

Do.   Melville,  Daisy, 

2.74 

26.50 

67.08 

3.68 

.907 

1.50 

2 

Franklin  County. 

Coal,  Sewanee, 

1.77 

25.41 

62.00 

10.82 

.648 

.145 

2 

3 far  ion  County. 

Coal,  Stanley, 

1.36 

26.70 

61.73 

10.21 

.53 

2 

Do.    Victoria,  Dec.  1880, 

3.16 

31.94 

54.81 

10.09 

2.386 

4.75 

2 

Do.    Etna 

.94 

23.72 

63.94 

11.40 

1.194 
2.30 

2.52 

2 
5 

Do.     do 
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COALS  AND  COKES.— Continued, 


GEORGIA. 

9, 

d 

"Si 

"a 

0 

Chemist 

or 
Aiitlioritv 
See  p.  218. 

Dade  County. 

Coal,  Dade  Coal  Co 

1.29 

23.05 

60.50 

15.16 

.838 

2 

ALABAMA. 

Warrior  Coal  Field. 

Jefferson  County. 

Coal,  near  Birmingham,  A.  &  G.  S.  E.  R.  Co.,  . 

3.83 

34.97 

49.54 

8.11 

3.55 

5 

Do.               do.                           do. 

1 

3.01 

42.76 

48.30 

3.21 

2.72 

5 

Tuscaloosa  County. 

Coal,  Randolph,  near  Tuscaloosa,     .... 

1.96 

43.09 

52.16 

2.79 

1.33 

Do.  10  miles  north  of       do.            .... 

1.59 

38.33 

54.64 

5.45 

1.33 

Jefferson  County. 

Coal,  New  Castle  Mine,  10  m.N.  of  Birmingham, 

1.12 

36.17 

55.18 

7.53 

1.83 

Do.        do.          do.       do.            do. 

.50 

28.24 

59.69 

10.92 

.64 

;     Do.  Black  Creek,  firm  block  coal,  .... 

.12 

26.11 

71.64 

2.03 

.10 

i     Do.  Upper  Village  Creek  bed 

4.17 

22.42 

62.48 

10.93 

.521 

Do.  Lower          do.             do 

1.53 

26.17 

66.02 

6.29 

.604 

Do.  New  Ca.stle  vein, 

.50 

28.24 

59.69 

10.92 

.640 

Do.  Upper  Coketon  vein, 

1.47 

32.29'59.50 

6.74 

1.224 

Do.  Lower            do.           

1.53 

30.68:63.68 

4.10 

.612 

',     Do.  Womlward  Coketon  vein,  near  Wheeling, 

31.22 

63.46 

5.32 

Do.  Warrior  vein, 

3237 

64.99 

2.64 

Cahawba  Coal  Field. 

Bibb  County. 

Coal,  Blockton  surface  sample 

2.52 

5 

Do.        do.       upper  vein 

2.25 

34.01 

59.51 

3.75 

.45 

5 

Do.        do.       lower    do 

2.24 

34.12 

60.75 

2.41 

.48 

5 

Do.        do.       different  vein, 

2.00 

32.90 

53  08 

11.34 

.676 

5 

Do.  Helena  vein,  No.  1 

2.54 

29.44 

66.81 

1.21 

.03 

Do.       do.     do.    No.  2, 

].74'3o.48 

58.96 

3.82 

.40 

Do.  Coke  vein, 

1.78  30.60'66.58 

1.09 

.035 

Do.  Montevallo  vein 

2.13^27.03 

66.22 

4.G2 

.10 

Shelby  County. 

Coal,  Helena, 

1.74'35.48 

58.96 

3.82 

.90 

i     Do.  Cahawba  vein, 

1.66  33.2S 

63.04 

2.02 

SO3. 
.0i»7 

j     Do.       do.       do 

1.58  32.«0'62.f)2 

3.20 

.22.3 

Do.  Black  Shale  vein, .     . 

1  91  32.(55  63.91 

1.53 

.071 

Do.  Movie             do 

1.93  32.84  59.64 

5.59 

1.001 
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COALS  AND  COKES.— Continued. 


ALABAMA  — Continued. 

d 

S  <    ■ 

a 

-Si 

£5 

i 

II.' 

Chemist 

or 

Authority 

S.  e  1).  218 

Cahawba  Coal  Field. — Continued. 

Shelby  County. — Continued. 

Coal,  Little  Pittsburgh  vein, 

Do.  Conglomerate          do 

Do.  Gholson                    do 

Do.  Gonld  seam  vein, 

Do.  Conglomerate  vein, 

2.05 
2.13 
2.14 

L34 
1.30 

33.47 
30.86 
31.92 

28.96 
31.36 

62.20 
64.54 
63.68 

60.58 
65.45 

2.28 
2.47 
2.26 

9.12 

2.81 

.118 
.320 

S.  total 
.82 
.08 

Coosa  Coal  Field. 

St.  Clair  County. 

S. 

Coke  (from  raw  coal),  Broken  Arrow,   .     .     . 
Do.  (from  washed  coal).  Broken  Arrow, 

18.45 
10.18 

1.95 
1.37 

5 
5 

MISCELLANEOUS. 

VIRGINIA. 

is 

CO 

Coke,  Pocahontas, 

Do.    Big  Gap,        

.78 
1.06 

7.65 
6.S8 

5 
5 

PENNSYLVANIA. 

P. 

Coke,  Connellsville— Standard,      .... 

Coal,          do.          

Do.    Youghiogheny, 

.49 
1.26 
1.03 

.011 
30.10 
36.49 

87.46 
59.61 
59.05 

11.32 
8.23 
2.61 

.69 

.78 
.81 

.029 

IRON-ORES   AND    COAI^   OF   ALABAMA,  GEORGIA,  TENNESSEE. 


213 


LIMESTONE. 


TENNESSEE. 

Roan  Vounty. 


91.82 


.28 

17.64 

75.88  18.11 
82.57  10.06 


1.94 

0.65 
0.69 
1.13 


Rookwoixl,  average, 

Do.         12  and  13  Hamilton     | 

Quarry, '76.03 

RockwDod,    6  Hamilton  Quarrv, 

Do.         11                do.         ' 
Rockwix)d, 


ALABAMA. 


Shelby  County. 

Slielbv  Iron  Works, 93.77    2.48  1.01 

Do.'        do.             98.91      .58  .63 

Do.          do.             65.55  24.91  3.58 

Do.          do.             95.40      .94  .68 

Do.          do.             96.70    ...  1.40 


Talladega  County. 


Alabama  Furnace, 
Do.  do. 


55.35  34.58 
61.86  33.55 


Calhoun  County. 


Anniston, ,55.17 


Jefferson  County. 


Jones  Vallev, 

Do. 

Do. 


43.39 


56.68  40.25 
55.39  42.75 
58.71  45.95 


1.48 
1.09 


.89 


.44 

.72 
.15 


3.44 

5.01 
4.60 
5.30 


2.09 
1.08 
3.46 
2.25 
2.50 


7.75 
2.86 


.45 


2.49 

1.22 

.15 


.022 


.03 
trace 


.01 
.005 


,16  52.51 

,05^55.90 

,02  37.83 

trace  53.42 

54.15 


30.90 
34.64 


30.89 


31.74 
31.02 

32.88 


1.19 

.28 

1.89 

.45 


16.46 
15.98 


20.66 


19.17 
20.36 
21.88 


*J        ^00 


10 
10 


IRONS. 

The  following  analyses  of  the  irons  made  at  a  number  of  the  Southern 
furnaces  are  all  accompanied  by  memoranda  of  the  ores  used — which  ores 
can  be  found  in  their  proper  tables. 

The  analyses  of  ore,  pig,  cinder  and  irons  are  in  some  cases  only  partial, 
as  they  were  made  hurriedly  for  the  purpose  of  checking  the  working — for 
which  purpose  it  was  only  neces.sary  to  know  a  few  of  the  many  constituents 
of  each. 
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IR  ONS. — Continued. 


TENNESSEE, 

(Chemists  No.  2  and  No.  6.    See  page  218.) 

Red  Ores — Average  Moan  and  Meigs  Counties. 

Pig.— Cast  No 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

f 

Si., 

2.89 

2.24 

2.66 

2.10 

1.68 

5.83 

Rock  wood,  1883,      \ 

p., 

.948 

1.120  1.171 

1.027 

.985 

.874 

1 

«., 

.041 

.035 1  .051 

1 

.091 

.072 

.186 

.01 

Cinder.— CaO,  32.-56 ;  MgO,  3.90  ;  (Al+Fe)^.  22.62;  SiO^,  37.50. 

Muck  Bar.— P.,  .442. 

Bhunt  County. 

(Chi-niist  No.  2.    See  page  218.) 

Ores  are  those  from  near  Marvsville,  named  "  Wilson,"  "  Kerr,"  "Seaton," 

"  Montgomery,"  "  Mary  Carpenter,"  etc.,  etc. 

Pig. — Cast  No 

1-5. 

6-10. 

f 

Si., 

First  Run,  .     .    .   \ 

P., 

.S22 

.93 

1 

s., 

.065 

.13 

Cast  No 

1-2. 

3. 

12. 

14. 

16. 

18. 

20. 

26. 

38. 

r 

Si.,   . 

3.03 

3.28 

1.68 

1.60 

2.46 

2.25 

2.80 

2.19 

Second  Kun,     .     ,    - 

p.,  . 

S.,    . 
Mn., 

.570 
trace 

.364 
trace 

.241 
trace 

.228 

.207 

.229 

.221 
trace 

.204 

.222 
2.16 

Average  5  cars,  Si.,  2.63  ;  P.,  .222;  S.,  .019. 

Cast  No 

3. 

4. 

6. 

7. 

12. 

14. 

16. 

19. 

20. 

f 

Si 

1.54 

1.39 

1.29 

2.10 

3.03 

2.76 

3.19 

1.73 

2.75 

Third  Run,  \ 

P.,      ... 

s.,     ... 

.301 

.174 

.263 
.141 

.250 
.206 

.289 
.121 

.343 

.277 

.234 

.506 

.356 

Cast  No 

23. 

18. 

21. 

25. 

26. 

24. 

32. 

29. 

27. 

Third  Run,  |  ^ 

3.75 

2.47 

2.89 

1.96 

2.01 

1.02 

1.05 

1.66 

2.85 

.562 

.309 

.471 

.310 

.345 

.247 

.251 

.241 

.269 
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TENNESSEE.— Continued. 
(Chemist  No.  2.    See  page  218.) 
JilouiU  Cbu»«(y.— Continued. 

Cast  No.      .    .    . 

28. 

30. 

31. 

34. 

39. 

40. 

33. 

43. 

46. 

47. 

1 
Tl.ird  Ktin,  1  p"     • 

1 

2.00 
.270 

2.05 
.301 

1.79 
.302 

2.43 
.331 

1.57 
.343 

1.30 
.295 

0.93 
.231 

1.71 
.267 

1.09 
.268 

1.26 
.293 

i 

Cast  No.      ... 

49. 

50. 

55. 

56. 

57. 

58. 

59. 

60. 

65. 

Average 
55-65 

Third  Run,   ■[  f'     ' 

.337 

.259 

.236 

.241 

.246 

.285 

1.55 
.266 

.356 

2.47 

.202 

Averages 

by  Grade  of  Pig. 

1. 

2. 

3. 

Third  Run,    .     .     . 

r  S., 

tP., 

.087 
.270 

.119 
.337 

.163 
.371 

1 

Cast  No.      .     .     . 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

24. 

i  Fourth  Rtin,  {  p'      * 

.203 

.130 

.270 
.221 

.212 
.259 

.195 
.246 

.256 
.241 

.260 
.236 

.212 
.245 

.221 
.210 

.272 
.281 

Cast  No 

1 

25. 

26. 

27. 

27a. 

29. 

28. 

Fourth  Run,  .    .     . 

/s 

1  Mn 

.057 
.50 

.039 
.36 

.064 
.33 

.149 
.43 

.344 
.40 

.179 
.62 

Puddle  Balls.- 

-Ca.st  No 

35. 

38. 

42. 

Third  Run,  .     .     . 

•P.. 

.195 

.190 

.195 

216      IROX-ORES   AND   COALS   OF    ALABAMA,  GEORGIA,  TENNESSEE. 


IR  ONS. — Continued, 


Cranberry,  N.  C,  Ores,  mixed  with  Clinton. 
(Chemists  No.  2  and  No.  6.    See  page  218.) 


Ore-Mixture. 


"  Hitich,"  James  County, 

Bine  Billy, 

Cranberry, 


II. 


III. 


Pigs. 


Si., 
P., 


I.   . 


4.862 
.460 


II. 


4.410 
.342 


III. 


5.700 
.224 


Bartow  County,  Georgia,  "Specular.^' 
(Chemist  No.  2.    See  page  218.) 
Pig.— Cartersville  Ore,  Rockwood  Furnace,  Si.,  5.38 ;  P.,  .27. 

Tennessee  Sub- Carboniferous  Brown  Ores. 

(Chemist  No.  5.    See  page  218.) 

Pig.— Warner  Charcoal  Furnace,  Si.,  .77  ;   P.,  325;   S.,  .003;  C.  graphitic, 
3.50;  C.  combined,  38. 

ALABAMA. 

Calhoun  and  Talladega  Counties. 

(Chemist  No.  9.    See  page  218.) 

Pig. — Woodstock  Furnace — Ores  already  given  under  the  above  countie-s. 


Fe.,  .  . 
C.gr.,  . 
C.  comb., 
Si.,    .     . 

s.,  .  . 
p.,   .   . 


Cold  Blast. 


94.52 
4.30 

1.12 
.017 
.04 


94.13 

3.10 

.92 

1.10 

".08 


94.20 
2.91 

.85 
1.09 

".09 


94.27 
3.21 

.81 
.99 

.10 


Hot  Blast. 


94.84 

2.94 

.98 

1.13 

.001 

.073 


94.61 

2.93 

.87 

1.20 

trace 

.086 


94.15 
2.70 
1.16 
1.09 

.114 


Spiegels. — Ores  already  described. 


Fe., 
Si., 
p., 
Mn., 


85.11 

80.44 

83.58 

84.90 

.95 

1.93 

.48 

1.10 

.100 

.095 

.85 

.08 

10.18 

15.69 

11.81 

10.10 

73.86 

.93 

1.92 

20.69 


imvm) 


V\0\039\  JAOO  QUA  MOSlPx 

AMAaAJA,33883MM3T         ^-^a^--- 

QV\k  ^      ' 


.AiOPiOBO 

.asitnuoO^O  tai  J 


'^P 


Transactioiiiis  of  One  Airaericaiii  Imstilitiute 


POmTEM. 
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IROXS.—Covtinucd. 


©  6i 

a 

d 

sSS 

a 

^^ 

1^1        . 

« 

d 

8 

be 

o 

ATiABAMA.— Continued. 

OS. 

OQ 

P^ 

PU 

00 

s 

u 

J 

H 

Calhoun  d-  Talladega  Co's.— Cont'd. 

■ 

1 

2.14 

.22 

.009 

.46     . 

10     S 

.93 

2 

1.42 

.22 

.008 

.43      . 

20      S 

.90 

Woodstock  Iron,  1SS3,      .     - 

• 

3 
4 

1.23 

0.78 

.34 
.20 

.009 
.010 

.30      . 
.52      . 

30    a 

50      S 

.98 
.26 

5 

0.63 

.21 

.011 

.31      . 

58      S 

.91 

7 

0.39 

.39 

0.30 

.29   4. 

20     C 

.11 

Cherokee  Co.  Ores  and  ^futures. 

(Chemists  Xo.  >,  No.  5,  No.  12,  and  No. 

4 

t 

1    14.  See  p.  218.)  Tecumseh  Furnace. 

1 
1 

3.70 
3.05 

.567 
.417 

Tecnmseh  mixed  ores,   .     .   ■ 

2 
3 

.49 

.48 

4 

1.96 

.569 

5 

1.25 

.489 

Tecumseh  ores,  f ,  .     .     .     ,    \ 
^[ontevallo,  |, J 

3 

1.82 

.453 

Tecnmseh  ores,  J,       .     .     .    \ 
BMkerHill,  i, / 

1 

2.86 

.70 

All  Baker, 

1 

3.31 

1.03 

To 

3 

1.45 

1.05 

Do. 

3 

1.45 

92.06 

1.05 

.037 

1.81      . 

59     S 

.17 

Do.           silver-gray,      .     , 

1.26 

90.22 

1.38 

.008 

2.17      . 

32      4 

.14 

]    Tecumseh,  mixed  ore,  unwash'd 

"i' 

1.41 

.590 

.029 

.50      . 

05      S 

.76 

Do.         ^  wa«hed,    .     .     . 

1 

2.14 

.593 

.012 

.53      . 

m    a 

.32 

Do.        J      do.         ... 

1 

1.55 

93.72 

.664 

.020 

.21      . 

21    a 

.82 

Do.        it      do.         ... 

3 

1.84 

.672 

.028 

.53      . 

10    a 

.89 

Baker  J,  Montevallo  J,      .     . 

0.81 

.897 

.013 

2.02      . 

71    a 

.21 

1   Tecumseh  mixed  ores,  hot,    . 

3 

3.28 

.341 

Shelby  County  Ores. 

1  (Chemists  No.  5  and  No.  12.  See  p.  49.) 

Shelby  Iron  Go's  Charcoal  Furnaces. 

3.53 

.217 

1    Montevallo, - 

3.49 
1.57 

94.20 

.234 
.209 

.013 

.024 

1.79      . 
.04      . 

10    a 
214  a 

.68 

.72 

.70 

95.04 

.215 

.03 

.01      . 

B2    a 

.19 

Shelby  mixed,  max.,     .     .     , 

2.10 

.46 

.97 

5.1 

1882  mixed,  min 

1.25 

.16 

.54 

4.5 

1         Do.            max 

2 

1.25 

.48 

.48 

4.7 

Do.            min.,     ..... 

2 

0.95 

.29 

.28 

4.2 

1         Do.           max.,    .... 

3 

0.95 

.46 

.62 

4.3 

I)o.            min.,     .... 

3 

0.75 

.33 

.23 

3.7 

Do.            max.,    .... 

4 

0.75 

.47 

.63 

3.9 

Do.            min.,     .... 

4 

0.60 

.17 

.21 

3.6 

]         Do.           max.,    .... 

5  [0.60 

.49 

.52 

4.3 

Do.            min 

5  10.45 

.26 

.23 

4.2 

Do.            max.,    .... 

6 

0.45 

.54 

.34 

4.2 

Do.           min.,     .... 

6 

0.30 

.20 

.18 

3.9 

Do.            max.,    .... 

7 

0.30 

.61 

.45 

4.5 

Do.            min.,     .... 

7 

0.20 

.40 

.20 

4.5 

He-malted  Sh  el  by  i  ron  car  w  li  eel 

which  had  run  80,000  miles. 

.407 

.37 

.01 

.39     . 

75    a 

!.06 

Ditto, 

.436 

.372 

.01 

.36      . 

72    a 

!.00 

218    GEOLOGY  AND  VEIN-STRUCTURE  OF  SOUTHWESTERN  COLORADO. 


CHE3IISTS  AND  AUTHORITIES. 


1.  S.  Sjoberg. 

2.  F.  P.  Dewey* 

3.  MoRLEY  &  Gregory, 

5.  Porter  &  Going. 

6.  M.  M.  Duncan. 

7.  J.  B.  Britton. 

8.  e.  j.  schmitz. 

9.  Chemist  Woodstock  Iron  Co. 
10.  E.  A.  Smith. 


11.  C.  F.  Chandler. 

12.  Sjostedt. 

13.  N.  T.  Lupton. 

14.  Chemist  Tecumseh  Iron  Co. 

15.  E.  Nichols. 

16.  6.  Wuth. 

17.  E.  P.  Lee. 

18.  F.  W.  Clarke. 


THE  GEOLOGY  AND  VEIN-STRUCTURE  OF  SOUTH- 
WES  TEEN  COLOR ADO A 


BY  THEO.  B.  COMSTOCK,  CHAMPAIGN,  ILL. 

(Bethlehem  Meeting,  May,  1886.) 

I.  INTRODUCTION. 

a.  Boundaries  of  the  District. — The  district  here  considered  com- 
prises that  portion  of  Colorado  commonly  known  as  "  the  San  Juan 
Country."  In  order  to  bring  the  principal  geological  features  of 
this  region  within  the  scope  of  a  map  of  convenient  dimensions  upon 
a  suitable  scale,  I  have  found  it  desirable  to  mark  off  boundaries 
near  the  parallels  of  37°  and  38°  10',  and  the  meridians  of  106° 
30'  and  108°  30'  (V/est  Longitude  from  Greenwich).  This  area  of 
(approximately)  9400  square  miles  includes  all  the  formations  which 
we  should  have  to  discuss  if  our  territory  were  greatly  enlarged, 
excepting  such  as  are  distinctly  characteristic  of  adjoining  areas  with 
independent  orographic  genesis.  By  limiting  this  review  to  these 
confines  we  miss  very  little  of  the  geology  of  the  eight  counties  of 
the  San  Juan  region,  viz. :  Dolores,  San  Miguel,  Ouray,  Hinsdale, 

■*  The  H^O  in  Mr.  Dewey's  analyses  of  Tennessee  hematites  is  hygroscopic. 

t  Note  by  the  Secretary. — This  paper  was  accepted  by  the  Council  of  the 
Institute  witli  the  knowledge  that  it  had  been  presented  as  a  thesis  for  tlie  degree 
of  Doctor  of  Science  at  Cornell  University,  Ithaca,  N.  Y.  It  is,  however,  published 
in  the  Transactions  of  tlie  Institute  only. 
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Rio  Grande,  Conejos,  La  Plata  and  San  Juan.  The  excluded  terri- 
tory lying  betNveen  the  western  boundary  of  our  district  and  the 
Utah  line,  introduces  no  new  element  besides  that  of  interesting 
repetitions  of  the  faults  and  of  the  peculiarities  of  erosion  which  are 
manifested  in  the  mesa  country  within  the  borders  defined  for  our 
present  purpose.  The  extension  of  our  northern  limit  would  involve 
us  in  unprofitable  study,  unless  we  could  go  far  enough  in  that  direc- 
tion to  unravel  the  structure  of  the  unique  district  of  the  Elk 
Mountains;  and  this  would  require  the  complete  overturning  of  the 
plan  of  this  paper.  It  is  true  that  no  impropriety  would  be  com- 
mitteil  by  pushing  out  eastward  across  the  great  central  highland 
and  its  ancient  shore-line  near  the  meridian  of  105°  ;  but  such  an 
amplification  would  also  enlarge  too  much  the  scope  of  our  work, 
and  the  present  writer  does  not  feel  competent  to  treat  very  fully  of 
that  area,  to  which  he  has  been  able  to  give  but  little  personal  at- 
tention. So  far  as  may  be  necessary,  however,  the  differences  in 
structure  between  the  eastern  and  western  flanks  of  the  Colorado 
Highland  in  these  latitudes  will  be  here  considered.  The  southern 
limit  of  our  tract  is  the  line  between  Colorado  and  New  Mexico, 
and  the  geognostic  relations  at  this  boundary  woukl  not  be  altered 
by  a  removal  one  or  more  degrees  farther  south. 

b.  Scope  of  the  Discussion. — The  main  purpose  of  this  paper  is  to 
present  the  author's  views  somewhat  in  detail  concerning  the  geo- 
logical structure  of  the  great  San  Juan  mining  region,  with  refer- 
ence, especially,  to  the  origin  and  deposition  of  the  mineral  resources 
of  that  section.  Upon  different  occasions  during  the  last  seven  years, 
I  have  announced  opinions  which  have  been  substantiated,  if  not 
proven,  by  a  considerable  array  of  facts,  almost  wholly  the  results 
of  careful,  personal  observation  in  the  field.*  In  this  place  it  is 
proposed  to  bring  together  in  a  stronger  light,  if  may  be,  these  and 
numerous  other  gleanings,  and  to  endeavor  to  elaborate  them  into 
compact  and  systematic  form,  in  the  hope  that  the  result  may  at  least 
serve  as  an  introduction  to  the  study  of  a  region  in  which  nature 
has  utilized  her  alchemy  most  lavishly  and  variously  for  the  benefit 
of  human  industry. 

c.  Topographical  Features. — In  an  earlier  paper,  the  writer  has 

*  yoteg  on  the  Geology  and  Mineralogy  of  Sun  Juan  County,  Colorado.  By  Theo- 
dore B.  Comstock,  Transaetiom,  vol.  xi.,  1883,  pp.  165-191,  with  map  and  cuts. 
Also  many  papers  on  "  The  Distribution  of  San  Juan  County  Ores,"  in  Enginfering 
anfl  Mining  Journal,  1882-84,  and  on  "  The  Metallurgy  of  San  Juan  County  Ores," 
1884-86,  and  now  running  in  same  Journal. 
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referred  to  what  he  there  styled,  in  effect,  "  the  seven  pinnacles  in 
the  crown  of  the  North  American  continent."*  Continued  study- 
only  tends  to  make  this  system  in  the  relief  of  this  grand  division 
of  the  earth  more  evident,  and  I  may  remark  that  I  have  since  out- 
lined with  little  difficulty  a  remarkably  similar  homologous  series 
of  pinnacles  in  the  South  American  continent;  and,  as  might  be 
supposed,  there  are  other  examples  in  the  Old  World.  The  subject 
is  attractive,  but  this  is  not  the  place  for  its  amplification. f  It  is 
introduced  to  era{)hasize  the  fact  that  the  great  topographical  land- 
marks are  essentially  geological,  and  to  fortify  the  statement  that  the 
economic  aspects  of  our  district  are  indissolubly  connected  with  its 
geognosy.  As  we  proceed  we  shall  learn  that  this  postulate  is  even 
more  correct  in  this  instance  than  in  many  others. 

In  the  paper  quoted,  it  was  stated  that  "These  pinnacles  have 
been  to  all  intents  and  purposes  the  primary  centers  of  elevation 
....  about  which  all  subsequent  geological  history  has  been 
grouped,"  and  "it  may  be  observed  that  each  pinnacle  has  attached 
to  itself  a  distinctive  feature  marking  a  special  culmination  of  one 
prominent  era  in  geologic  time  ....  the  Mesozoic  and  Tertiary 
eras  have  left  their  strongest  impress  upon  the  regions  culminating 
in  A,  B,  and  C,"  i.e.,  the  northwestern,  western  and  southwestern 
pinnacles.  J 

Our  district  surrounds  the  southwestern  pinnacle  (C),§  which  is 
now  represented  by  Uncapahgre  Peak  and  a  few  of  its  compeers. 
Fremont's  Peak  (Wyoming),  lies  in  a  similar  relation  to  the  western 
pinnacle  (B),  and  Mount  Brown  (British  America)  marks  the  region 
of  the  northwestern  culmination  (A).  There  is  such  a  wonderful 
similarity  in  the  features  of  B  and  C  that  I  shall  not  be  greatly  sur  • 
prised  if  the  remnants  of  active  glaciers  and  comparatively  recent 
geysers,  which  characterize  these  two  areas,  are  also  found  to  be  a 
part  of  the  real  history  of  A.     Much  of  my  own  ability  to  explain 

*  Trans.,  Inc.  cit.,  p.  165. 

t  liicliard  Owen  has  published  some  interesting  papers  in  support  of  his  tiieory 
of  multiple  proportions,  witli  a  unit  wiiich  "  is  the  angular  difference  (24°)  between 
the  axis  of  rotation  and  the  axis  of  orbital  progression."  Vide  Key  to  the,  Ocology  of 
the  Globe,  Nashville,  1857,  and  papers  in  Proceedings  Amer.  As.ioc.  Adv.  Sci.,  1880, 
p.  4.37  ;  1882,  pp.  329,  337  ;  1883,  pp.  253,  256;  1884,  p.  438. 

J  Trans.,  loc  cit.,  p.  166. 

§  In  the  paper  mentioned.  Pike's  Peak  was  regarded  as  near  the  position  of  this 
pinnacle,  but  tlie  change  here  made  is  a  better  designation  for  our  present  use.  The 
fact  is,  the  pinnacles  are  commonly  rather  made  up  of  a  group  of  peaks  occupying 
an  area  surrounding  the  original  Archaean  crest. 
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some  of  the  intricate  structure  wliich  will  here  be  noticed  is  due  to 
])revious  investia:ations  of  the  remarkable  phenomena  and  deposits 
which  have  been  discovered  in  the  Yellowstone  National  Park,  al- 
though there  is  enough  of  difference  in  the  precincts  B  and  C  to 
make  this  latter  region  unique  and  important,  j3<rse. 

If  now  we  look  at  the  orographic  features  of  Colorado  in  a  gen- 
eralized manner  (See  Plate  I.),  there  will  be  recognized  three  well- 
defineil  north  and  south  belts,  topographically  considered,  the  central 
zone  comprising  more  than  20,000  square  miles  of  highlands,  or 
mountainous  country,  practically  all  above  10,000  feet  in  altitude. 
This  tract  has  an  average  width  of  75  miles,  and  is  bounded  upon 
the  east  and  west  by  wide  plateaus  starting  abruptly  at  elevations  of 
7000  feet  and  8000  feet,  respectively,  with  gradual  slopes  beyond. 
In  the  highland  area  numerous  peaks  indicate  an  original  height  of 
more  than  14,000  feet  for  the  greater  portion,  whereas  the  lowest 
portions  of  the  sedimentary  formations  upon  the  adjacent  plains  do 
not  exceed  4000  feet  above  sea-level. 

As  indicated  upon  the  accompanying  diagram  (Plate  I.),  our  at- 
tention will  be  chiefly  confined  to  the  southern  third  of  the  Colorado 
Highland,  with  a  portion  of  the  neighboring  plateau  upon  the  west 
(the  Colorado  Plateau,  or  Western  Plain,  of  Hay  den's  Survey).* 
This  high  belt  forms  the  great  continental  water-shed,  but  the  actual 
divide  is  a  very  tortuous  line  passing  from  north  to  south,  thence 
east,  south,  and  southwest  across  the  zone  in  its  northern  third; 
thence  south  and  east  through  the  middle  of  the  central  third,  then 
bending  abruptly  westward  and  again  suddenly  eastward  and  south- 
ward, forming  a  remarkable  loop  in  our  district.  It  is  this  loop, 
with  its  surroundings,  which  furnish  us  with  material  for  the  present 
study.  A  glance  at  the  diagram  will  reveal  these  relations  and 
make  a]>parent  the  fact  that  the  western  face  of  the  Highland,  where 
it  falls  off  to  the  plain  (or  the  mesa  country)  is  itself  a  meandering 
line,  quite  as  tortuous  as  the  continental  divide,  but  that  its  trend  is 
by  no  means  parallel  with  the  course  of  this  watershed.  It  will 
also  be  seen  that  the  eastern  border  of  the  Highland  area,  though 
no  less  tortuous,  does  not  conform  in  its  bearings  to  either  of  the 
other  lines.  But  in  the  southern  half  of  the  belt  there  is  a  sem- 
blance of  uniformity  in  the  three  trends,  which  is  not  only  lacking, 
but  almost  reversed  in  the  northern   half     This  typical  divergence 

*  See  Report  of  William  H.  Holmes,  in  Hayden's  Report,  U.  S.  Geol.  Surv.,  1875, 
p.  242,  with  sketch  of  general  orographic  features  of  Colorado  in  Plate  on  opposite 
page. 
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is  equally  manifest  in  the  geognosy  of  the  two  areas,  although  they 
are  nearly  identical  in  early  history  and  lithological  components. 
These  peculiarities  have  outlined  the  four  great  intramontane  de- 
pressions of  Colorado  (North  Park,  Middle  Park,  South  Park,  San 
Luis  Park),  each  of  which  is  to  become  the  pastoral  and  agricul- 
tural bulwark  of  a  considerable  mining  industry  in  a  partially  inde- 
pendent metallurgic  center.  Each  section  has  its  own  history  to 
make  for  itself,  and  it  will  eventually  be  recognized  that  the  econo- 
mical development  of  each  is  inseparably  connected  with  its  intimate 
geological  structure. 

Turning  now  to  our  limited  district,  the  outline-map  (Plate  II.) 
shows  that  it  is  very  largely  made  up  of  a  bold  headland,  or  pro- 
montory, extending  out  between  two  deep  bays  (as  Holmes  remarks)* 
in  the  Western  Plain.  The  character  of  the  formations  which  have 
produced  this  conformation  by  their  reactions  upon  the  dynamical 
agents  tending  to  disturb  them,  will  be  more  clearly  understood  by 
reference  to  the  geological  map  (Plate  III.)  accompanying  this  paper, 
which  will  also  serve  to  illustrate  what  follows  upon  the 


II.    GENERAL  GEOLOGY  OF  THE  DISTRICT. 

A.  Metamoephic  Series. 

To  avoid  unnecessary  discussion,  as  well  as  to  explain  what  might 
otherwise  be  misunderstood,  it  is  best  to  state  here  that  much  of  the 
very  early  history  of  this  region  is  not  now  upon  record,  in  the 
rocks,  in  such  manner  as  to  be  readily  interpreted  by  the  field  geolo- 
gist. That  is  to  say,  in  many  cases  it  would  be  unwise  to  hazard 
opinions  even  after  extensive  study,  unless  the  investigator  were 
fortunate  enough  to  have  traced  the  connection  between  distant  ex- 
posures so  thoroughly  as  to  be  able  to  recognize  formations  by  indi- 
cations not  within  reach. of  an  independent  student.  Thus  the  time 
must  come  when  the  microscope  and  other  aids  applied  to  a  great 
accumulation  of  material,  will  enable  us  to  trace  relationships  which 
no  one  can  now  discover.  We  know  well  enough  that  there  is  a 
great  belt  of  metamorphic  rocks  underlying  this  district.  We  can, 
with  some  reason,  refer  an  extensive  zone  of  this  character  stretching 
nortii  of  us  along  the  eastern  highlands,  to  the  Archrean  Era,  and  it 
has  been  customary  with  some  to  so  denominate  all  the  highly  meta- 

*  Op.  cit.,  p.  24L 
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morphosed  strata  in  southern  Colorado.  From  present  knowledge, 
one  cannot  safely  pronounce  the  metamorphic  series  Archaean  in  the 
many  isolatetl  patches  and  limited  exposures  in  the  deeper  caflons. 
Mr.  Marvine,*  it  is  true,  has  come  down  very  close  to  our  district 
with  an  Archiran  determination  of  the  more  northerly  metamor[)hics, 
and  Dr.  Pealet  has,  to  some  extent,  filled  in  the  gaps  and  run  over 
into  this  district  so  for  that  I  have  no  difficulty  in  prolonging  the 
chain  down  through  the  counties  here  reviewed.  But  Dr.  Peale 
turns  over  the  subject  with  an  air  of  doubt  such  as  he  never  uses 
without  good  reason,  and  I  find  about  as  many  arguments  against 
an  ArcluBan  reference  as  can  be  urged  in  support.  It  is  better  to 
confess  an  ignorance  which  is  due  to  lack  of  opportunity  than  to 
expre-ss  an  opinion  which  might  possibly  be  taken  for  more  than  it 
is  worth. 

There  is  not  much  doubt  that  an  Archaean  highland  existed,  as  a 
ridge  or  a  long  chain  of  islands,  over  much  of  the  Rocky  Mountain 
Region  north  of  our  district,  as  early  as  the  beginning  of  the  Silurian 
Age.;^  Probably  some  of  the  metamorphic  exposures  south  of  this 
line  were  also  then  elevated,  but  the  subject  is  one  which  requires 
special  investigation  from  one  equipped  for  the  work.  My  own  ob- 
servations in  this  and  other  portions  of  the  Rocky  Mountains  have 
led  me  to  regard  metamorphism  as  a  partial  degree  of  volcanicity,  so 
to  speak,  in  many  cases,  and  I  do  not  doubt  that  we  may  have  in- 
stances in  which  even  Silurian  and  Devonian  rocks  may  have  be- 
come as  completely  metamorphosed  as  the  Archaean  rocks  in  other 
localities.  If  this  be  the  truth,  the  very  best  conditions  for  such 
results  have  certainly  been  afforded  in  this  and  the  Yellowstone  Park 
districts.§ 

*  Annual  Report,  U.  S.  Geol.  Surv.  (Hayden),  1873,  p.  138. 

t  Annual  Report,  U.  S.  Geol.  Surv.  (Hayden),  1875,  pp.  63—69. 

X  See  Reports  U.  S.  Geol.  Surv.  (Hayden)  by  Peale,  Marvine,  Bradley,  and  others, 
1871-78 ;  also  the  author's  Report  on  the  Geology  of  N.  W.  Wyoming  and  Yellow- 
stone Park,  in  Report  of  Captain  W.  A.  Jones,  U.  S.  Engineer  Dep't.  U.  S.  A., 
1874,  and  special  edition  from  office  of  Chief  of  Engineers,  1875,  and  papers  by  the 
writer  (1873)  in  American  Naturalist  and  Amer.  Journ.  Sci.,  on  the  Geology,  etc.,  of 
Western  Wyoming. 

?  I  do  not  here  refer  to  what  may  he  styled  contact-metamorphism,  which  has  un- 
doubtedly been  prorluced  in  numerous  instances  by  the  direct  action  of  molten  lavas 
upon  subjacent  rocks  or  upon  the  walls  of  intrusive  dykes.  The  effect  is  ratlier  to 
be  considered  as  due  to  the  prolonged  action  of  metamorphic  conditions,  which  were 
carried  to  the  extreme  of  igneous  fusion  in  adjacent  areas.  See  infra,  p.  24.3,  for 
some  discussion  of  this  topic  (Super-metamorphism).  See  also  hints  of  a  similar 
idea  in  Report  of  Dr.  F.  M.  Endlich,  in  Hayden's  U.  S.  Geol.  Surv.  1874,  p.  190 ; 
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The  Metaraorphic  series  is  susceptible  of  a  somewhat  unsatisfac- 
tory division  into  two  groups.  The  upper,  or  Granitic,  division  is 
better  exposed  in  our  district,  and  its  relation  to  the  mining  interests 
is  apparently  more  close.  The  underlying  Quartzite  formation  is 
intersected  by  numerous  quartz-veins,  some  of  which  have  yielded 
rich  gold-  and  silver-ores,  but  as  yet  mining  over  this  area  has  been 
too  much  neglected.  There  are  reasons  for  expecting  good  returns 
for  diligent  prospecting,  though  many  of  the  crevices  are  filled  with 
"  bastard  "  gangue. 

The  exposures  of  the  Metamorphics,  as  indicated  upon  the  geo- 
logical map,  do  not  furnish  the  guide  to  the  distribution  of  the  veins ; 
and  yet  one  who  fails  to  realize  the  relations  of  these  to  the  later 
formations  will  surely  go  amiss  in  his  interpretation  of  what  seems 
to  be  of  more  immediate  importance.  There  is  a  very  essential 
connection  between  these  outcrops  and  the  more  recent  rocks  which 
form  the  "country"  of  the  principal  mining  districts  of  the  region. 

The  Quartzite  group  comprises  an  exceedingly  rugged  and  in- 
teresting series,  which  is  exposed  in  the  Animas  canon  below  Silver- 
ton,  forming  also  a  line  of  jagged  peaks  to  the  eastward — the  Needle 
Mountains.  There  are  other  localities  of  outcrops,  but  the  granites 
are  revealed  alone  in  many  more  places. 

Wherever  the  quartzite  is  well  uncovered  the  more  recent  granites 
are  usually  traceable  along  the  flanks  of  the  belt,  but  in  no  case  has 
the  latter  series  been  thrown  into  remarkably  high  folds  without 
breaking  asunder  so  as  to  reveal  the  quartzite.  Timber  Hill,  on 
the  old  Del  Norte  and  Silverton  wagon-road,  is  the  nearest  approach 
to  an  exception,  but  close  inspection  proves  that  it  verifies  the  rule. 

A  glance  at  the  geological  map  brings  out  no  apparent  system  in 
the  Metamorphic  rocks,  and  it  has  not  been  a  simple  task  to  unravel 
the  true  relations  of  isolated  tracts.  The  sequel  will  show,  however, 
that  the  later  history  of  the  district  has  been  traced  upon  this  forma- 
tion as  a  skeleton,  in  such  a  manner  that  we  may  use  the  super- 
structure to  some  extent  in  fixing  the  loci  of  the  earlier  oscillations. 
Leaving  the  discussion  for  the  present,  we  may  take  a  hasty  review 
of  the  more  recent  formations.* 

1875,  p.  112.     I  am  not  unaware  of  the  very  valuable  contributions  of  Dr.  T.  Sterry 
Hunt  towards  the  solution  of  the  problems  connected  witli  the  origin  and  history  • 
of  the  crystalline  rocks.     His  "  crenitic  hypothesis,"  liowever,  does  not  seem  to  me 
to  cover  the  case  now  under  consideration. 

*  It  would  unnecessarily  lengthen  lliis  paper  to  devote  more  space  to  tlie  con- 
sideration of  a  group  of  strata  which  does  not  really  enter  very  hirgely  into  the 
make-up  of  our  district,  but  I  should,  in  justice  to  myself,  make  tlie  statement  that 
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B.  Palaeozoic  Era. 

It  is  very  dlftioult  to  acoount  for  tlie  deposition  of  the  extensive 
beds  of  later  Palax)zoic  time  upon  the  supposition  that  this  region 
was  largely  submerged,  and  consequently  accumulating  deposits, 
during  the  Silurian  and  Devonian  Ages.  There  must  necessarily 
have  been  some  elevated  tracts  to  furnish  by  their  waste  the  material 
for  these  strata.  But  the  region  northward  was  certainly  out  of 
water  to  a  considerable  extent,  and  the  later  Palieozoic  deposits 
(Carboniferous)  are  not  here  very  extensive,  though  hinting  of  a  near 
shore-line  by  their  arenaceous  character.  In  some  places  the  Mesozoic 
strata  lie  directly  upon  the  metamorphic  series;  in  other  localities 
(and  more  commonly)  the  Carboniferous  and  supposed  Devonian 
beds  are  interposed.  The  peculiar  feature,  however,  which  points 
strongly  towards  earlier  submergence  is  the  remarkable  lithological 
similarity  in  the  strata  here  to  those  much  farther  north  (as  in  the 
Wind  River  Mountains,  Wyoming)  where  the  Silurian  and  Devonian 
formations  are  well  developed  and  of  varying  character.  But  again, 
in  Xew  Mexico,  Dr.  Newberry*  found  the  Carboniferous  beds  lying 
upon  the  granite  (presumably  Archaean)  in  localities  where  ultra 
metamorphism  may,  perhaps,  be  regarded  as  out  of  the  question. 
We  are  forced  to  admit  that  the  whole  subject  of  the  pre-Carbon- 
iferous  history  of  the  greater  portion  of  southwestern  Colorado  is 
involved  in  doubt,  which  can  only  be  satisfied  by  more  detailed  in- 
vestigation directed  to  that  end.  At  the  same  time,  there  is  good 
reason  to  believe  that  early  Palaeozoic  rocks  may  be  detected  here- 
after in  some  places  where  now  they  are  regarded  as  wholly  absent. 
Upon  the  annexed  geological  map  all  the  well-authenticated  out- 
crops of  Palaeozoic  formations  are  clearly  indicated. 

1.    Unaltered  Silarian  {?)  and  2.  Devonian. 

While  I  am  strongly  inclined  to  regard  the  whole  metamorphic 
series  as  post-Archaean  (representing,  perhaps,  the  Silurian  and  De- 
vonian ages)  there  are  also  some  significant  local  exposures  of  over- 
many  facts  have  been  collected  bearing  upon  these  points,  and  that  not  a  few  very 
strong  rea.sons  might  be  adduced  in  support  of  the  opinions  barely  indicated  above." 
See,  for  instance,  the  writer's  remarks  upon  the  same  subject,  in  Transactions, 
vol.  xi.,  pp.  171-174.  The  occurrence  of  Devonian  limestone  and  metamorphic 
granite,  not  only  in  juxtaposition,  but  actually  welded  together,  is  of  itself  suffi- 
cient proof  of  the  excessive  metamorphism  and  of  the  alteration  of  early  Palaeozoia- 
sediments. 

*  Colorado  Exploring  Expedition  (Ives),  p.  42  et  seq. 
VOL.  XV. — 15 
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lying  beds  which  must  for  the  present  be  classed  as  pre-Carboniferous. 
The  supposed  Silurian  has  very  limited  outcrops  near  the  Animas 
Cafion,  where  it  consists  of  sandstone  underlying  a  more  extended 
belt  of  exposed  limestone,  the  latter  yielding  characteristic  Devonian 
fossils.*  The  peculiar  inter-relations  of  the  raetamorphic  and  sedi- 
mentary formations,  as  exhibited  in  diiferent  but  not  widely  sepa- 
rated exposures  in  our  district,  afford  much  additional  support  to 
the  views  here  announced,  but  it  would  require  too  much  space  to 
elaborate  this  topic  now.  The  Silurian,  if  such  it  be,  will  not  admit 
of  that  close  analysis  of  which  this  group  is  capable  in  the  region 
northward.  It  is  very  interesting  to  note  that  this  differentiation 
gradually  increases  as  we  go  north,  and  that  it  even  becomes  less 
evident  in  New  Mexico  than  it  is  in  our  territory,  thus  in  another 
way  adding  force  to  the  argument  already  outlined.  We  are  war- 
ranted in  provisionally  referring  the  sandstones  here  included  to  the 
Upper  Silurian  Age. 

The  Devonian  grayish-yellow  limestone  is  exposed  near  the  divide 
between  Bear  Creek  and  Cascade  Creek  and  in  a  belt  approximately 
parallel  with  the  Animas  River  along  the  flanks  of  Lime  Creek,  and 
along  the  edge  of  the  granitic  area  east  of  the  Animas.  It  is  again 
visible  in  the  walls  of  the  Animas  cafion  just  below  Silverton,  where 
it  is  quarried  to  some  extent  for  industrial  purposes.  Apparently 
the  same  formation  appears  at  the  Highland  Mary  mine  in  Cun- 
ningham Gulch  and  again  in  Niagara  Gulch  opposite  Eureka.  Ex- 
posures are  also  prominent  in  Hensen  Creek  and  Lake  Fork  of  the 
Gunnison.  Adverse  dips  at  various  points  indicate  the  courses  of 
prominent  folds  which  have  involved  also  the  later  sedimentary 
strata.  The  sequel  will  show  the  important  relations  of  their  struc- 
ture to  the  distribution  of  the  mineral  veins  and  the  deposition  of 
their  contents.  Aside  from  this  and  the  economic  value  of  the  lime- 
stone itself  (as  a  good  flux  and  for  burning  to  quicklime)  there  is 
considerable  interest  attaching  to  the  Devonian  formations  in  south- 
ern Colorado.  The  occurrence  of  carbonate-ores  in  places  near  the 
line  of  these  outcrops  and  in  other  localities  where  this  formation  is 
presumably  hidden  makes  it  a  matter  of  much  importance  to  have 
the  extent  of  the  limestone  accurately  determined.     This  cannot  be 

*  Dr.  Endlich  found  a  small  Productus  of  the  type  of  P.  Subaculeatus,  with  Atkyris 
and  Rhynchonella,  Orthnceras,  Bellerophon,  Euomphalus.  Tlie  characteristic  fossil  is 
Rhynchonella  Endlichi,  Meek,  which  Professor  Meek  considers  pre-Carboniferous. 
For  descriptions,  see  Bulletin  U.  S.  Oeol.  Surv.,  2d  Series,  No.  1,  1875,  p.  46;  also 
Hayden's  Annual  Report,  U.  S.  Geol.  Surv.,  1874,  p.  213. 
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done  without  very  accurate  and  extensive  surveys  with  elaborate 
studies  of  vein  phenomena  in  connection  with  minute  lithological 
investigations. 

Considering  only  the  palivontological  evidence  heretofore  adduced, 
there  would  be  no  impropriety  in  classing  these  limestones  as  Car- 
b<iniferous,  so  far  as  any  geognostic  features  are  concerned,  and  we 
cannot  be  wholly  confident  of  our  diagnosis  of  the  Carboniferous 
beds.  We  may,  therefore,  err  in  drawing  the  line  so  sharply  ;  but 
where  we  must  depend  alone  upon  the  exercise  of  our  best  judgment 
in  choosing  provisionally,  it  seems  a  little  better  to  adopt  the  transi- 
tion from  the  limestones  as  the  dividing  line. 

3.    Carboniferous  Age. 

a.  Earlier  Carboniferous. — Hence  what  I  now  regard  as  the  base  of 
the  Carboniferous  in  this  region  is  a  series  of  1200  feet  of  argillaceous, 
arenaceous,  and  calcareous  beds  not  easily  separated  into  epochal 
groups.  These  overlie  the  Devonian  series  conformably,  and,  though 
rather  restricted  in  area  of  exposure,  form  some  characteristic  and 
prominent  belts  extending  in  ridges  or  bluffs  parallelvvise  with  the 
Devonian  outcrops.  It  is  not  easy  to  correlate  these  rocks  with  the 
published  sections  from  the  nearest  outcrops  beyond  the  limits  of 
this  review.  On  Hayden's  map*  they  are  marked  Middle  Carbon- 
iferous ;  but  I  cannot  find  any  good  reason  for  this,  and  I  suspect 
that  we  have  here  the  representatives  of  both  the  Lower  Carbon- 
iferous and  Middle  Carboniferous  of  other  portions  of  the  Rocky 
Mountains.  It  will  be  wiser  to  adopt  rather  loosely  the  term  Earlier 
Carboniferous.  The  lower  shales  and  sandstones  are  light-colored 
to  brownish,  the  overlying  (and  occasionally  intercalated)  limestones 
being  bluish.     Remains  of  plants  and  of  Brachiopods   {Productus 

semistriatus,  Athyris  subiilila,  Spirifer ?)  are  rather  abundant  in 

the  shales  and  sandstones,  and  the  latter,  with  some  corals,  are  not 
infrequent  in  the  blue  limestone  in  some  localities.  A  very  good 
junction-section  of  the  limestone  and  the  Upper  Carboniferous  is 
visible  upon  the  right  bank  of  Mineral  Creek  between  the  mouths 
of  Bear  Creek  and  South  Mineral  Creek.  The  bed  of  Bear  Creek 
for  some  distance  above  the  mouth  is  made  up  of  boulders  of  this 
limestone  and  the  peculiar  topography  of  the  valley  of  Mineral  Creek 
for  a  mile  or  more  above  this  point  is  due  to  the  influence  of  this 
formation.     Still  more  important  are  the  relations  to  this  limestone 

*  AUaa  of  Colorado,  Plate  xv.,  etc. 
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(and,  perhaps,  that  of  the  Devonian)  which  can  be  detected  in  the 
mines  of  that  remarkable  area — the  Red  Mountain  district — of  which 
more  in  another  place. 

b.  Later  Carboniferous. — The  Upper  Carboniferous  is  represented 
here  by  2000  feet  of  red  sandstones  with  occasional  local  intrusions 
of  trachyte.  This  series  is  strictly  conformable  to  the  Earlier  Car- 
boniferous and  flanks  it  almost  completely.  It  is  well  exposed  on 
Bear  Creek  and  South  Mineral  Creek  and  in  the  lower  Animas  val- 
ley, as  well  as  in  the  lower  valleys  of  the  sonthward-  and  westward- 
flowing  streams.  Usually  there  are  enough  intercalated  thin  beds  of 
lighter  hue  to  give  a  variegated  or  banded  appearance  to  the  canon 
walls,  which  are  commonly  nearly  vertical.  A  bed  of  conglomerate 
occurs  high  in  the  group  on  Bear  Creek,  and  I  have  met  it  also  in 
mines  at  a  great  elevation  on  Sultan  Mountain.  It  is  always  "  baked  " 
or  hardened  by  the  overlying  volcanics  wherever  I  have  encountered 
it,  and  I  am  not  sure  that  it  is  really  one  of  the  Carboniferous  beds. 
It  may  be  (as  I  originally  considered  it)  a  formation  made  up  of 
gravel  cemented  by  lava  of  the  first  outflow  over  the  region.*  It 
is  interesting,  though  not  exceptional,  that  some  districts  within  the 
Carboniferous  exposures  are  remarkably  cavernous.  Such  are  areas 
near  Ouray  and  in  the  heart  of  the  Red  Mountain  tract,  a  few 
patches  about  Rico  and  on  the  American  Flats  in  the  neighborhood 
of  the  Frank  Hough  mine.  Although  not  generally  recognized,  the 
same  indications  are  prominent  in  Ice  Lake  Basin,  and  in  the  vicin- 
ity of  Ophir  and  Mineral  Point.  In  all  these  localities  the  surface 
is  irregular,  and  the  evidence  of  the  action  of  hot  springs  is  indu- 
bitable. The  underlying,  but  concealed,  limestones  (Devonian  and 
Carboniferous)  are  to  be  regarded  as  the  inducing  cause  of  these 
features,  and  of  the  special  vein-phenomena  accompanying  them,  in 
large  measure.f     Still,  I  have  observed  quite  similar  features   in 

*  In  the  Yellowstone  Park  region  there  is,  at  the  base  of  the  volcanics,  a  thick 
and  extensive  brecciated  layer  formed  of  a  propylUe  paste  including  sedimentary 
boulders.  The  bed  here  noted  is  less  fragmental,  but  otherwise  the  same,  excepting 
that  tlie  included  sedimentary  material  is  here  gravelly  and  more  rounded.  I  have 
not  observed  this  conglomerate  in  any  locality  wliere  no  volcanic  cap  exists,  and  it 
seems  to  be  comi)aratively  local  even  with  reference  to  the  volcanic  area. 

f  It  may  seem  remarkable  that  the  limit  of  the  Carboniferous  exposure  should 
define  a  set  of  piienou»ena  wliose  action  would  be  just  as  vigorous  in  the  buried  De- 
vonian and  Carboniferous  limestones,  even  if  they  were  covered  by  Mesozoic  strata. 
IIow  then  are  we  to  account  for  tiie  facts  as  above  stated  ?  Is  it  not  probable  that 
the  writer  is  forgetting  to  include  possible  concealed  facts  which  would  be  i-evealed 
by  erosion  of  tlie  superincumbent  strata?  I  reply  that  there  are  certainly  enough 
exposures  of  the  latter  kind  where  the  phenomena  could  be  observed  if  the  proper 
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connection  with  the  earlier  volcanic  breccias  in  northwestern  Wyom- 
ing, and  we  have  presumably  the  same  hidden  structure  here. 

C.  Mesozoic  Era. 

1.  Jura-Tnas  Formations. 

The  elevation  of  the  land  which  began  in  the  Upper  Carbonifer- 
ous was  probably  continued  and  quickened  at  the  close  of  that  age. 
Thick  deposits  of  Triassic  (?)  and  Jurassic  age  occur  in  parts  of 
Colorado,  but  our  district  is  conspicuous  from  the  paucity  of  Meso- 
zoic beds  of  pre-Crelaceous  age.  It  is  evident  that  the  greater  part 
of  this  territory  was  shut  off  from  the  open  sea  after  the  red  beds 
were  deposited  and  until  the  beginning  of  the  Cretaceous  Age.  At 
that  time  an  incursion  of  the  sea  caused  some  considerable  diminu- 
tion of  the  dry  land,  but  there  is  no  convincing  proof  of  any  subsi- 
dence of  the  latter,  strictly  speaking.  It  would  seem  that  some  kind 
of  a  barrier  existed,  which  was  not  removed  until  the  Cretaceous 
Age.  The  removal  of  this  rampart  gave  greater  sweep  to  the  sea 
over  a  wide  area  and  thus  actually  lowered  the  general  level  of  the 
sea,  perhaps,  while  j^roducing  effects  in  our  district  equivalent  to  a 
subsidence  of  the  land.* 

conditions  had  existed  there.  This  peculiar  limitation  puzzled  me  for  a  long  time 
until  numerous  other  considerations  forced  me  to  adopt  the  theory  which  I  expound 
bevond  to  explain  the  origin  of  the  mineral  veins  of  this  district.  Now,  I  regard 
the  above  fact  as  one  of  the  strongest  confirmations  of  that  theory  and  as  lending 
additional  support  to  the  idea  of  super-metamorphism,  which  is  amplified  beyond. 

*  The  whole  stratigraphy  of  this  district  is  of  such  a  character  as  to  read  us  many 
lessons  upon  the  importance  of  drawing  conclusions  only  from  extended  observa- 
tions. At  the  same  time,  it  is  proper  to  note  what  marvelous  examples  of  individ- 
uality we  have  in  the  plans  of  development  of  the  separate  pinnacles  to  which  I 
have  referred,  and  even  in  the  minor  divisions  of  these  areas  which  now  form  the 
opper  portion  of  the  separate  drainage  basins.  Each  one  of  these  tracts  is,  we  may 
say,  the  embodiment  in  detail  of  a  general  Archaean  plan  (induced  by  stress  of  the 
contracting  gktbe),  resulting  first  in  metamorphism,  and  in  oscillations  of  the  crust, 
finally  extending  to  wide-spread  upheaval  and,  eventually,  to  igneous  fusion  and 
volcanicity  in  the  stronger  portions.  The  remarkable  parallels  observable  in  our 
district  and  the  Yellowstone  Park  are  due  to  similar  history,  but  there  are  in  each 
so  many  distinctive  features  that  the  economic  development  must  be  in  either  one 
nnique.  Not  less  striking  is  the  analogy  of  our  section  to  the  North  Park,  Middle 
Park  and  South  Park  mountain  congeners,  and  the  diversity  is  in  all  remarkably 
apparent.  So  with  the  drainage-areas  of  our  own  territory.  Homologize  as  we 
will — and  as  we  can  very  readily  do — we  still  nuist  admit  that  no  two  river-systems 
are  alike  in  physique.  Hensen  Creek  and  Lake  Fork  are  admirable  examples  of 
what  the  Gunnison  River  aflTords  in  canon-scenery.  The  Uncapahgre,  the  Animas 
and  the  San  Miguel,  the  Dolores  and  the  Rio  Grande  all  have  their  cafions  also, 
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Unimportant  exposures  of  the  Triassic  (?)  red  beds,  overlaid  by 
variegated  beds  of  Jurassic  (?)  age,  occur  in  the  river  canons  in  some 
portions  along  the  outskirts  of  our  district  (see  Plate  III.),  but  they 
merit  little  attention  here. 

2.   Cretaceous  Age. 

The  Cretaceous  formation  northward  is  noted  for  its  continuity 
and  rather  less  for  its  regularity  of  outcrop.  In  our  area  it  is  more 
broken  and  indented  along  the  ancient  shore  line,  but  it  still  retains 
its  character  as  a  mesa  deposit,  due  to  its  low  angle  of  dip.  Here 
it  seems  to  be  somewhat  less  involved  in  the  mountain  folds  than  in 
many  localities  farther  north  where  I  have  studied  it.  Following 
the  provisional  classification  adopted  by  the  geologists  of  Hayden's 
Survey,  we  first  meet  their  Cretaceous  No.  1,  composed  of  about 
500  feet  of  white  sandstone,  which  is  exposed  in  the  valley  of  the 
Animas  above  Durango,  the  outcrop  running  thence  northwestward, 
westward,  and,  finally,  southwestward,  turning  backward  towards  the 
north  at  some  distance  to  the  west  (see  geological  map  herewith). 
We  are  not  deeply  concerned  in  this  review  with  the  intimate  rela- 
tions of  the  various  Cretaceous  strata.  There  are  questions  involv- 
ing the  determination  of  the  exact  horizon  of  certain  valuable  coal- 
beds,  but  it  will  be  many  years  before  it  will  become  necessary  to 
seek  such  deposits  except  in  localities  where  the  outcrops  can  be 
readily  traced.  Cretaceous  No.  1  is  the  equivalent  of  the  Dakota 
group.  It  is  overlaid  by  No.  2  (referred  by  Dr.  Peale  to  the  Fort 
Benton  group),  which  has  a  thickness  of  a  few  hundred  feet  in  our 
district  to  the  westward.  Its  character  is  more  argillaceous,  but  its 
limits  have  not  yet  been  well  defined.  Cretaceous  No.  3  (supposed 
equivalent  of  the  Niobrara  group)  is  largely  calcareous ;  No.  4 
(Fort  Pierre  group)  and  No.  5  (Fox  Hills  group),  as  described  by 
Marvine  and  Peale,  are  argillaceous  and  arenaceous.  Nos.  3  and  4 
are  frequently  missing  in  the  sections  west  of  the  mountains.* 

The  Lower  Dakota  beds  barely  touch  the  northwestern  corner  of 
our  field,  running  down   in  very  narrow  strips  where  the  streams 

but  he  who  knows  one  knows  none  of  the  others.  Each  has  its  own  style  and  pres- 
tige, yet  with  wonderful  parallelism  to  all  the  others,  as  would  appear  from  detailed 
study  of  exposures  and  phenomena. 

*  Absence  of  these  beds  at  the  surface  may  be  due  to  the  protective  action  of  No. 
5.  Endlich  reports  traces  of  No.  3  east  of  the  Animas  river  in  the  soutliern  part 
of  our  area,  but  this  is  probably  an  error,  as  he  does  not  mention  such  beds  in  a 
later  report  of  more  extended  work. 
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have  attained  a  much  diminished  altitude  upon  the  western  plain. 
Bordering  these  ribbons  are  more  abundant  but  not  much  wider 
bands  of  Upper  Dakota  strata,  which  are  crossed  by  the  drainage 
nearer  the  Highland  area.  Overlying  these  and  covering  a  large 
extent  of  territory  in  the  western  portion  of  the  region,  are  the  shales 
of  Cretaceous  No.  2,  or  the  Colorado  group.  In  exj)osures  along 
the  eastern  and  northern  edges  of  this  formation  its  relations  to  the 
trachytic  rocks  are  clearly  manifest.  In  the  southeastern  part  of  the 
district  and  beyond  in  that  direction,  and,  in  fact,  all  along  the 
southern  side,  the  Fox  Hills  (No.  6)  group  has  contested  the  field, 
but  this  Colorado  group  holds  its  own  in  the  northwest.  Probably 
the  latter  underlies  much  of  the  country  now  covered  by  the  tra- 
chyte, but  the  evidence  points  towards  more  seaward  shore-lines 
during  the  deposition  of  both  the  Dakota  and  the  Fox  Hills  beds. 

3.  Horizons  of  the  Coal. 

Coal-indications  occur  in  the  higher  layers  of  the  Upper  Dakota 
group,  but  that  which  is  rained  is  taken  from  the  Fox  Hills  forma- 
tion chiefly.  There  is  much  difference  in  the  quality  of  different 
samples,  although  large  quantities  are  now  annually  mined  at  Mo- 
nera  and  Durango,  and  not  a  little  in  the  vicinity  of  Rico.  Even 
the  individual  mines  of  the  same  locality  yield  quite  dissimilar  pro- 
ducts. Some  of  the  Monera  coal  taken  to  Silverton,  in  1883,  was 
particularly  bad;  and,  as  far  as  ray  own  experience  goes,  the  western 
part  of  the  lignite  basin  is  ranch  less  earthy  than  the  eastern  por- 
tion, ^luch  of  the  output  cokes  nicely,  but  some  mines  do  not  pro-, 
duce  an  article  very  well  suited  to  this  purpose.  Durango  smelters 
use  coke  from  local  openings;  and  if  the  small  smelting  industry  at 
Rico  has  found  the  supply  inefficient,  the  difficulties  in  the  metal- 
lurgy there  have  at  least  not  been  attributed  by  them  to  this  cause. 
The  Durango  coke  which  has  been  shipped  to  Silverton  has  been 
softer  and  more  friable  than  the  average  El  Moro  material.  The 
former  makes  more  ash  in  burning  and  maintains  less  heat,  but  the 
latter  produces  usually  a  much  larger  percentage  of  cinder,  which, 
for  certain  purposes,  may  render  it  somewhat  less  economical  at  the 
same  price  per  ton.  How  much  of  this  difference  is  due  to  inexperi- 
ence or  to  careless  burning  I  am  unable  to  state. 

All  the  coal  slakes  badly  upon  exposure,  but  there  are  great  dif- 
ferences also  in  this  respect  in  the  different  brands  offered.  Probably 
very  much  of  this  is  due  to  methods  of  mining  or  to  special  local 
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conditions  of  exposure.  The  v^alue  of  these  deposits  to  the  mining 
districts  cannot  be  overestimated.  Heretofore,  notwithstanding  the 
inferior  quality  of  much  of  the  product,  careful  selection  from  the 
marketed  grades  has  enabled  blacksmiths,  engineers  and  smelters  to 
secure  fairly  adequate  supplies  reasonably  well  adapted  to  their  par- 
ticular needs. 

Some  very  soft,  crumbly  coal  occurs  also  in  higher  beds  in  thin 
layers.  This  is  probably  post-Cretaceous,  It  is  not  workable.  The 
transition  beds  of  the  Lignitic  group  are  not  represented  in  our 
district. 

D.  Cenozoic  Era. 

1.  Eocene  Lake  Beds. 

This  region  was  no  exception  to  the  rule  of  emergence  from  the 
sea  at  the  close  of  the  Cretaceous  Age.  Over  the  whole  area  (or 
nearly  so)  the  land  was  elevated  to  such  an  extent  as  to  leave  no 
marine  remnants  in  which  such  lacustrine  deposits  could  form  as 
were  abundant  farther  north.  In  the  southern  portion,  however,  an 
Eocene  lake  was  thus  left  by  the  retreating  ocean  (see  geological 
map),  the  northern  shore  of  which  runs  up  a  little  way  into  Colo- 
rado. The  Wasatch  beds  are  well  developed  in  this  basin,  com- 
prising 1200  feet  of  variegated  (Puerco)  marls,  overlaid  by  about 
1800  feet  of  brownish-yellow  sandstones,  above  which  are  fossiliferous 
beds  in  New  Mexico. 

2.    Volcanic  Series. 

The  upheaval  continued  into  and  through  the  Tertiary  Age,  result- 
ing at  last  in  the  outpouring  of  thick  beds  of  molten  material  over 
a  wide  area  in  New  Mexico,  Colorado,  Wyoming  and  the  adjacent 
territories  upon  the  west.  There  are  good  reasons  for  believing  that 
these  great  fissure-eruptions  were  chiefly  characteristic  of  the  Middle 
Tertiary  (Miocene),  and,  perhaps,  in  our  district,  of  the  later  epoch 
of  that  period.  The  lava-flows  of  this  time  are  of  great  interest  to 
the  student  of  the  economic  geology  of  the  region,  for  the  compli- 
cated vein-structure  can  only  be  unravelled  after  a  full  comprehension 
of  the  post-Cretaceous  history.  The  San  Juan  country  is  unique, 
not  less  so  is  the  Gunnison  mining  region,  and  the  South  Park  area 
differs  in  kind  from  the  Middle  Park  territory,  each  district  receiv- 
ing its  impress,  as  before  remarked,  from  the  culmination  of  a  dis- 
tinctive type  of  energy  in  the  path  of  a  general  movement  of  the 
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earth's  crust.*  "Wherever  the  tension  was  so  slight  or  the  resistance 
so  great  that  voloaiiioity  did  not  manifest  itself,  we  find,  if  the  gran- 
itic sub-structure  has  been  since  exposed,  a  series  of  simple  vein- 
phenomena,  indicating  but  little  deviation  from  the  standard  types. 
"With  the  same  or  similar  conditions,  but  with  the  fissures  occupying 
more  or  less  closely  the  planes  of  bedding  in  sedimentary  strata,  the 
granitic  sub-stratum  being  buried,  there  has  resulted  a  certain 
complexity  of  vein-structure,  which,  however,  needs  only  careful 
analysis  of  the  environment  to  make  it  intelligible.  On  the  other 
hand,  where  volcanicity  has  ultravened  we  may  meet  with  resultant 
structures,  either  of  the  "  contact "  character  or  of  an  interpenetrating 
system. t 

Starting  Mith  the  fiict  that  important  outflows  of  Tertiary  lavas 
now  deeply  cover  a  very  considerable  portion  of  the  region  we  are 
discussing  (see  geological  map),  the  general  relationships  just  cited 
may  aid  us  materially  in  forming  a  weighty  judgment  concerning 
the  hidden  structure  in  many  places.  From  the  planes  of  juxta- 
position of  the  volcanic  layers,  and  from  indications  of  special  value 
in  the  neighborhood  of  Uncapahgre  Peak,  we  infer  that  much  of  this 
thick  cap  of  igneous  rock  was  poured  out  near  that  locality.  The 
evidence  of  this  is  cumulative,  and  it  has  been  gathered  by  other 
persons  as  well  as  the  writer,|  There  is  reason  to  believe  that  the 
flows  in  southwestern  Colorado  have  been  the  result  of  five  successive 
eruptions  as  in  other  portions  of  the  Western  United  States.  That 
is  to  say,  we  may  find  representatives  of  all  of  Richthofen's  series  of 
volcanic  rocks  somewhere  in  our  tract.§ 

a.  PropyUte  covers  a  long,  rather  narrow  belt  flanking  the  San 
Luis  Park  upon  the  west.    Good  sections  of  this  hornblendic  variety 

*  It  is  impracticable  to  elaborate  this  idea  here,  but  I  need  only  refer  to  the  gen- 
eral features  of  these  several  mining  districts  to  illustrate  my  meaning,  while  the 
diversity  in  detail  without  modification  of  general  structure  would  be  still  more  ap- 
parent in  the  comparison  of  these  areas  with  the  mineral  belts  both  north  and  south 
along  the  Rocky  Mountain  chain. 

t  The  simple  granitic,  or  e/errt€n<^/r!/,  system  is  illustrated  by  the  veins  of  the  Mid- 
dle Park,  and  with  minor  modifications,  by  those  of  the  Black  Hills  of  Dakota  and 
Wyoming,  and  those  of  the  Sonth  Pass  district  (Wyoming),  etc.  The  Gunnison 
district,  with  other  forms,  exhibits  many  of  the  inlerhedded  veins;  the  South  Park 
affords  the  best  and  most  numerous  examples  of  contacts,  while  the  San  Juan  dis- 
trict is  rich  in  interpenetrating  lodes. 

X  See  Peale  and  Endlich,  in  U.  S.  Geol  Survey,  1874  (Hayden),  pp.  1G8,  171, 
205. 

§  Richthofen,  "  A  Natural  System  of  Volcanic  Rocks,"  Memoirs  California  Acad, 
.  Sci,  1868,  vol.  i.,  part  ii. 
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maybe  had  along  the  line  of  the  Denver  and  Rio  Grande  R.R.  west 
of  Antonito,  before  crossing  the  Conejos  divide.  This  basal  forma- 
tion of  the  igneous  series  not  only  passes  out  of  sight  in  going  north 
and  west,  but  it  is  wholly  absent  in  many  sections  which  reveal  the 
relations  of  the  sedimentary  and  the  volcanic  beds.  The  same  con- 
ditions were  observed  by  the  writer  in  passing  from  the  Big  Horn 
drainage  up  to  and  across  the  divides  to  the  Yellowstone  Park,  in 
Wyoming,  except  that  there  the  propylite  has  a  greater  develop- 
ment.* There  is  also  a  strip  of  the  propylite  extending  up  along 
the  western  flank  of  the  volcanic  area,  and  it  becomes  much  more 
prominent  northward  at  a  distance  from  our  section.  Dr.  Endlich  f 
appears  to  regard  Uncapahgre  Peak,  or  its  vicinage,  as  the  great 
center  of  eruption  for  this  whole  area.  I  cannot  obtain  any  evidence, 
however,  of  ejection  from  this  locus  prior  to  the  trachytic  period. 
The  exposures  of  propylite  indicate  a  thickening  of  the  formation 
southward,  and  I  am  strongly  of  the  opinion  that  future  investiga- 
tion (say  in  New  Mexico,  south  of  our  area)  will  indicate  the  center 
of  the  earliest  outflows  at  some  considerable  distance  from  the  region 
under  discussion. 

b.  Andesite  overlies  the  propylite,  and  has,  perhaps,  a  somewhat 
wider  range  of  exposure,  although  it  extends  eastward  not  quite  so 
far.  This  may  have  originated  not  far  from  the  earlier  fissures 
which  produced  the  propylite,  but  I  infer,  from  the  occurrence  of 
dykes  and  intrusive  masses  of  andesite  in  localities  where  the  earlier 
lava  is  absent,  that  the  activity  during  the  later  period  was  greater 
and  the  vents  more  numerous.  A  few  of  these  dykes  intruding  into 
the  Carboniferous  limestones  are  characteristic  features  of  the  country 
adjacent  to  Rico.| 

c.  Trachyte  covers  nearly  the  whole  of  the  district  in  which  the 
mineral  veins  are  found.  There  is  scarcely  any  doubt  that  the 
center  of  eruption  had  moved  to  the  neighborhood  of  Uncapahgre 
Peak  when  these  acidic  lavas  were  ejected,  although  it  is  probable 

*  Report  of  the  Geologist,  N.  W.  Wyoming  (Captain  Jones's)  Expedition,  1873. 
Edition  of  1875. 

f  Hayden's  Annual  Report,  U.  S.  Geol.  Surv.,  1874,  p.  205. 

I  The  characteristic  modes  of  weathering  of  the  propylite  and  andesite  and  the 
consequent  variations  in  the  topography  are  very  well  exhibited  wherever  either 
rock  forms  the  surface  terrane.  Good  examples  of  the  foritier  may  be  seen  trom 
the  car-window  in  the  Toltec  Gorge,  as  the  train  winds  about  in  the  side  gulches 
near  the  "  Phantom  Curve,"  etc.  Andesite  physiognomy  is  exemplified  in  the 
monotonous  scenery  over  the  volcanic  district  about  Rico,  and  in  some  parts  of  the 
Conejos  range. 
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that  Other  loci  of  fusion  existed  at  the  same  time.  To  depict  tlie 
exact  condition  of  the  country  when  the  lava-flows  began  would  re- 
quire more  space  than  can  be  spared  in  this  paper;  but  I  have  been 
gradually  leil  to  the  conclusion  that  much  of  the  area  within  the 
heart  of  the  present  mountain  region  was  in  the  form  of  a  large  lake, 
dn\ining  presumably  southwestward.  Along  the  eastern  shore  was 
a  barrier  of  metamorphics  in  an  anticlinal  fold,  trending  east  of 
north.  Off  to  the  west  was  a  similar  smaller  fold,  and  the  land  to 
the  northward  was  rising,  finally  producing,  practically,  a  transverse 
fold.  In  the  land-locked  basin  thus  formed,  erosion  was  active  and 
the  barrier-folds  presented  insurmountable  obstacles  to  the  propylitic 
and  andesitic  flows  which  burst  from  a  point  well  to  the  south. 
These  lava  flows  in  places  show  unmistakable  evidences  of  aqueous 
rearrangement,  and  the  succeeding  trachyte-ejections  were  ushered 
in  by  thick  deposits  of  breccia,  including  fragments  of  the  earlier 
materials. 

The  great  Uncapahgre  outflow  covered  an  area  of  fully  7000 
square  miles,  extending  southward  over  the  district  indicated  upon 
the  accompanying  geological  map  and  for  many  miles  to  the  north- 
ward, as  determined  by  Dr.  Peale.  If  the  lower  layers  (the  breccias) 
"were  not  actually  deposited  in  the  water,  they  did  at  least  undergo 
some  modification  by  aqueous  agents,  and  no  doubt  their  deposition 
exerted  a  marked  influence  upon  the  drainage  of  the  country.  I 
opine,  however,  that  the  general  eflfect  was  to  turn  the  water-courses 
more  towards  the  south,  gradually  walling-in  the  area  between  the 
Quartzite  mountains  upon  the  east  and  the  San  Juan  ridge  or  fold 
upon  the  west,  until  in  the  period  of  the  great  trachytic  outflow, 
there  was  outlined  a  lake-basin,  occupying  the  greater  portion  of 
San  Juan  county  at  the  least.*  Without  giving  the  argument  in 
full,  there  seems  good  reason  to  consider  the  propylitic  eruptions 
(possibly,  also,  the  andesitic  flows)  as  Eocene  relics,  the  Miocene 
Period  being  characterized  by  the  trachytic  ejections  in  its  earliest 
part. 

*  In  my  Report  to  Captain  W.  A.  Jones  (N.  W.  Wyoming  Expedition,  1873),  the 
origin  of  the  Yellowstone  lake  in  a  basin  of  volcanic  circum-deposition  is  clearly 
pointed  out.  There  is  to  me  much  evidence  of  a  quite  similar  genesis  in  the  now  re- 
stricted hydrographic  basin  of  the  Upper  Animas  river  in  southwestern  Colorado. 
I  wish  to  record  here  my  own  conviction  that  the  existence,  past  or  present,  of  numer- 
ous thermal  springs  and  geysers  in  both  regions,  has  a  very  important  connection 
with  this  common  history.  The  very  differences  which  at  first  prevented  my  ac- 
ceptance of  such  a  conclusion,  only  serve  to  confirm  its  truth  when  all  the  facts  are 
fully  weighed. 
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d.  RhyoUte. — Perhaps  in  the  later  Miocene,  the  fissure-eruptions 
of  lava  had  given  way  to  a  weaker  and  more  local  type  of  emission, 
but  of  more  importance  than  the  ordinary  cone-crater  outpouring. 
We  may  call  this  the  crater -fissure  (or  fissure-crater)  Epoch.  Its 
product  was  rhyolitic,  more  acidic  than  the  normal  trachyte  of  the 
preceding  epoch.  None  of  this  quartzose  material  was  probably 
thrown  out  through  the  Uncapahgre  fissure,  which,  however,  was 
only  dormant,  not  extinct.  From  some  points  not  yet  defined  there 
may  have  been  ejected  noticeable  amounts  of  rhyolite,  but  the  out- 
flows were  not  general  like  the  trachytic  lavas.  One  well-marked 
vent,  much  like  an  oblong  crater,  was  active  in  the  vicinity  of  Red 
Peak,  apparently  almost  within  the  confines  of  the  great  lake  above 
mentioned.  Here  remarkable  changes  occurred,  and  upon  these  the 
vein-structure  and  the  mineral  deposition  of  the  greater  part  of  the 
central  San  Juan  mining-area  largely  depend.  The  outflows  from 
this  cauldron  nearly  filled  the  old  lake-basin  and  produced  marked 
effects  upon  the  drainage  of  the  region,  although  the  dwarfed  channel 
probably  had  its  outlet  still  to  the  westward  and  southward.  The 
rhyolitic  ebullitions  were  followed  by  the  ejection  of  tuffs  and  similar 
beds  running  gradually  into  material  approaching  the  character  of 
dolerite,  but  without  a  complete  change  to  such  basic  products.  The 
later  beds,  especially,  are  highly  impregnated  with  pyrite,  and  these 
have  become  altered  in  many  instances  into  deeply-colored  red  masses, 
of  which  we  shall  have  further  occasion  to  treat. 

e.  Basalt  is  comparatively  rare,  except  in  the  southeastern  portion 
of  our  district,  with  occasional  insignificant  patches  at  the  summits 
of  a  few  peaks  in  the  northeast  and  southwest.  There  is  some  un- 
certainty regarding  the  locus  of  this  last  volcanic  outflow,  and  it  is 
probable  that  more  than  one  minor  fissure  or  crater-cone  contributed 
to  the  accumulation  of  these  basic  lavas.  Erosion  has  undoubtedly 
removed  very  much  of  the  original  deposits.  There  was  one  vent, 
apparently,  near  the  sources  of  the  Conejos  river  in  the  extreme 
southeastern  corner  of  the  area  included  upon  the  accompanying 
geological  map.  The  greater  portion  of  the  outflow  from  this  fis- 
sure went  northward,  northwestward,  and  southward.  The  isolated 
patches  in  the  southwest  are  probably  the  last  remnants  of  small 
crater  flows.  The  basaltic  period  was  presumably  Pliocene.  Un- 
capahgre Peak  may  have  been  the  nucleus  of  a  basalt  flow,  and  it  is 
possible  that  erosion  has  been  responsible  for  the  present  sparse  rem- 
nants, but  from  what  study  I  have  given  the  subject,  it  does  not  ap- 
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pear  that  the  hitest  volcnxnio  epoch  has  yielded  very  large  supplies  of 
molten  material  to  our  district. 

3.   Glacial  Period. 

Difficult  as  it  may  be  with  our  present  knowledge  to  conceive  of 
the  cxi.-tence  of  the  necessary  conditions  for  such  a  change  of  cli- 
mate, the  writer  is  irresistibly  drawn  to  the  conclusion  that  glaciers 
were  the  agents  which  ushered  in  the  Quaternary  Age  in  southern 
Colorado.  But,  while  the  effects  attributed  to  this  cause  have  been 
striking  and  abundant,  they  are  by  no  means  such  in  their  entirety 
as  would  be  comparable  with  the  results  of  glacial  action  in  the  in- 
terior continental  basin.  Those  who  have  had  field-experience  in  the 
Kocky  Mountains  north  of  this  will  clearly  understand  me  when  I 
speak  of  these  local  phenomena  as  those  o^  mo antain-chiseling  In  con- 
tradistinction from  the  lowland  type  o^  plain- grooving  or  the  fjord-cut- 
ting efi'ects.  I  recognize  the  same  system  of  glacier-carving  in  other 
sections,  modified  only  by  easily  traceable  lithological  or  topograph- 
ical features.*  It  is  apparent  in  the  Gunnison  region  and  in  the 
South  Park  as  well  as  in  Wyoming  and  Montana  and  elsewhere 
north  of  New  Mexico.  Here  in  southern  Colorado  some  very  in- 
teresting complications  have  resulted,  which  have  no  exact  parallel, 
but  which  are  comparable  to  what  I  have  observed  near  Gothic  and 
Irwin,  Colorado,  and  about  the  headwaters  of  the  Snake  and  Yel- 
lowstone rivers  in  Wyoming.  Even  in  Central  New  York,  south 
and  southeast  of  Ithaca,  there  are  weak  examples  of  the  same  gen- 
eral feature,  but  these  can  be  explained  wholly  by  means  which  have 
not  been  active  in  the  West.f  It  is  not  easy  to  present  in  a  few 
words  what  it  has  required  seven  years  of  detailed  study  to  compre- 
hend, but  an  examination  of  the  maps  will  convey  an  imperfect  idea 
of  the  facts  as  they  are  manifested  in  the  Animas  drainage,  which  is 
not  exceptional.     The  same  general  features  arc  noticeable  in  other 

*  See  some  discussion  of  this  topic  in  the  author's  Report  of  Reconnaissance  in 
Northicest  Wyoming  and  Yellowstone  Park,  1875.  It  has  heen  remarked  by  nearly  all 
the  ge<jlogisLs  of  the  U.  S.  Survey  at  various  places  in  their  reports. 

t  In  New  York,  etc.,  there  is  evidence  of  elevation  of  the  land  southward  suffi- 
cient to  reverse  the  course  of  the  drainage  in  the  northern  portion  since  the  Glacial 
Period.  In  our  district,  in  Colorado,  there  is  evidence  rather  of  the  opposite  action 
and  yet  the  drainage  has,  in  part,  been  reversed  in  opposition  to  the  fall  of  the  in- 
cline- The  most  remarkable  example  of  this  upon  the  plains  is  the  lower  valley 
of  the  Dolores  river  beyond  our  limits.  Tliis  is  graphically  and  admirably  illus- 
trated by  Wm.  H.  Holmes,  in  the  Report  U.  S.  Geol.  Surv.  (Hayden),  1875,  PI.  xiii., 
opposite  p.  264. 
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hydrographic  basins,  but  the  details  cannot  be  given  in  this  limited 
space.  Suffice  it  to  say  that  during  the  Glacial  Period  the  whole  of 
this  district  was  covered  with  an  ice-cap.  In  the  lower  region  to  the 
south  and  upon  the  east  and  west  the  melting  of  the  glaciers  caused 
motion  and  tiie  production  of  the  well-known  phenomena  of  erosion 
and  morainal  deposition.  In  the  earlier  epoch,  however,  there  was 
probably  very  little  movement  induced  in  the  main  mass  of  the  ice 
covering  the  mountainous  area,  as  a  whole.  The  imperfect  drain- 
age, caused  by  the  previous  volcanic  outflows,  had  fastened  the  ice- 
sheet  so  that  only  its  upper  surface  could  move  as  a  unit ;  the  lower 
portion,  often  of  great  thickness,  was  lodged  in  pits  and  basins,  the 
sides  and  bottoms  of  which,  though  subjected  to  great  strain,  in 
many  cases  sufficient  to  break  away  the  retaining  walls,  often  affisrded 
too  much  resistance  to  the  ploughing  action  to  be  torn  asunder. 
Thus  glaciation  continued,  the  upper  fraction  of  the  glacier  wearing 
and  transporting  down  to  a  certain  depth,*  the  submerged  fraction 
(if  it  were  not  actually  liquid,  as  seems  possible)  merely  crushing 
and  eroding  without  transportation.  Obedient  to  the  directive  ac- 
tion of  the  topography  and  influenced  by  the  more  rapid  melting 
in  that  direction,  the  glaciers  moved  in  the  main  southward,  bearing 
westward.  It  was  only  in  the  more  elevated  tracts  that  the  lower 
portions  of  the  plough  lay  in  grooves  like  culs-de-sac.  Hence,  the 
elevated  amphitheatres  of  the  side-gulches  and  the  blind,  fjord-like 
character  of  many  southern  prolongations  with  reversed  drainage 
are  not  common,  except  in  such  parts  of  the  region. 

There  are  some  exceedingly  interesting  problems  regarding  the 
ancient  drift  deposits  which  require  detailed  study.  Granitic 
boulders,  half  rounded  in  part,  occur  in  the  gravels  along  certain 
portions  of  Mineral  Creek  near  Silverton,  and  in  the  caflon 
of  South  Mineral  Creek.  They  could  have  been  brought  from 
the  metamorphic  area  east  of  their  present  locus,  and  in  the  fact 
that  they  do  not  occur  in  the  Animas  valley  north  of  Howards- 
ville,  we  get  additional  proof  of  the  non-transportative  character  of 
the  erosion,  as  well  as  the  southward  course  of  the  post-glacial 

*  The  contour  line  of  11,000  feet  above  sea-level  will  strike  very  near  the  lower 
limit  of  exportation  over  the  central  area  from  which  the  glaciers  radiated,  but  it  will 
vary  with  the  physiography  from  about  10,500  feet  to  11,500  feet.  This  is  practi- 
cally the  range  of  timher-line  in  this  region.  The  coincidence  of  these  lines  is  not 
accidental,  I  am  confident.  Tlie  fact  has  often  been  remarked  and  I  am  not  aware 
that  any  explanation  at  all  satisfactory  kas  yet  been  given.  I  believe  it  is  very 
largely  due  to  the  continuance  of  the  ice  cap  down  to  this  line  long  after  the  lower 
levels  were  uncovered.     At  this  time  "  ice-falls"  were  very  numerous. 
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drainage.  But  it  is  very  difficult  to  map  out  the  glacial  groovings 
bv  reterence  to  drainage-lines.  As  we  shall  see  beyond,  there  is  no 
doubt  that  many  of  the  streams  are  now  following  in  part  the  pre- 
glacial  channels  suddenly  opened  to  them  by  faults  in  their  path.  In 
some  cases  the  ancient  glaciers  helped  to  improve  these  channels,  but 
in  others  the  diluvial  deposits  have  had  a  very  important  influence 
in  a  contrary  direction.  Post-glacial  faults  have  also  changed  the 
drainage  most  materially  in  numerous  instances,  as  witness  the 
Dallas  Fork  of  the  Uncapahgre  river  and  the  course  of  the  Animas 
river  through  the  Grand  Cafion. 

4.   Champlahi  Period. 

The  melting  period  was  sudden  and  effective.  In  the  lower  dis- 
tricts and  in  such  portions  of  the  great  central  Highland  as  were 
well  opened  by  the  abrasion  of  the  preceding  period  vast  quantities 
of  detritus  were  deposited  over  wide  areas,  proving  the  drainage  of 
the  plains  to  be  inadequate  to  keep  pace  with  the  liquefaction  of  the 
ice.  But  in  the  landlocked  portions  of  the  mountain  channels  the 
melted  ice  could  not  escape  and  there  ensued  an  epoch  of  lacustrine 
sedimentation  of  most  remarkable  character.  The  amount  of  goug- 
ing which  took  place  by  the  glacier  below  the  **  lower  limit  of  ex- 
portation "  was  enormous,  and  this  proves  that  time  alone  was  needed 
to  convert  many  of  the  blind  fjords  into  independent  water- courses, 
flowing  parallel  to  the  main  channels.  As  the  principal  grooves 
were  cut  to  depths  rarely  less  than  one  thousand  feet  (often  2000 
feet  or  more)  below  the  exportation  limit  and  many  of  the  secondary 
grooves  half  as  much,  it  is  evident  that  the  lakes  resulting  from  the 
melting  of  the  ice  in  positu  were  very  deep,  and  as  none  were  very 
wide,  the  thickness  of  the  deposits  was  very  great.  In  the  Animas 
Valley  and  on  Mineral  Creek  and  Cement  Creek,  all  of  which 
formed  parts  of  one  many-pronged  lake,  no  bottom  has  been  reached 
at  an  altitude  of  9200  feet,  and  the  lacustrine  deposits  are  exposed 
in  terraces  all  the  way  along  the  courses  of  these  streams  up  to  the 
height  of  10,000  feet  or  more  above  sea-level.* 


*  It  is  almost  certain  that  a  great  lake,  early  in  this  period,  covered  the  greater 
part  of  the  area  bounded  by  the  Upper  Animas  (as  far  as  Mineral  Point),  the  upper 
part  of  Poughkeepsie  Gulch,  all  of  Cement  and  Mineral  creeks  (including  South 
Fork)  and  even  Red  Creek  below  Ironton.  The  contour  of  11,000  feet  indicates 
approximately  the  area  of  this  lake  and  the  positions  of  the  islands  before  the 
draining  off  of  the  waters. 
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5.   Terrace  Period,  etc. 

Of  scarcely  less  interest  are  the  terraces  which  have  been  cut  since 
the  Champlain  Period  and  the  more  modern  phenomena  of  snow- 
slides,  landslides  and  thermal  springs.  The  changes  in  drainage 
which  have  occurred  since  the  beginning  of  the  Terrace  Period,  have 
been  of  some  importance,  but  it  does  not  seem  that  they  have  been 
due  to  unfamiliar  causes.  A  rise  of  the  land  along  a  line  running 
north  of  east  across  the  northern  end  of  San  Juan  county,  prolonged 
indefinitely  in  both  directions  would  be  sufficient  to  induce  all  the 
present  features,  many  of  which  could  be  equally  effected  by  a  sim- 
ple subsidence  of  the  water,  provided  there  were  submerged  natural 
barriers  pre-existing  along  the  course  named.  Omitting  further  de- 
tails in  this  place,  and  referring  to  the  fact  that  morainal  deposits, 
glacial  striae  and  roches  moutonnees  occur  in  sufficient  abundance  to 
prove  the  former  existence  of  extensive  glaciers,*  we  may  turn  our 
attention  to  a  subject  which  must  claim  prime  consideration  in  any 
complete  review  of  the  San  Juan  country. 


III.  THE  MINERAL  VEINS. 

A.    Distribution. 

We  have  in  our  district  three  or  four  types  of  veins,  structurally 
considered,  but  there  are  really  close  genetic  relations  in  all  of  them. 
The  distribution  of  these  remarkable  deposits  must  be  clearly  under- 
stood before  their  formation  can  be  properly  explained.  Beginning 
at  the  eastern  edge  of  the  area  covered  by  the  geological  map  (Plate 
III.),  the  Summit  district  occupies  a  small  patch  of  territory  set 
like  a  nook  in  the  mountains.  From  this  westward  nothing  appears 
until  the  Continental  Divide  is  crossed  in  the  northeastern  portion, 
where  the  Lake  City  district  introduces  us  to  the  general  features  of 
the  deposits  which  are  crowded  over  the  wide  region  occupying  the 
largest  part  of  the  map,  culminating  in  San  Juan  county.  Inti- 
mately connected  with  the  latter  area,  but  unique  in  character,  is  the 
restricted  Red  Mountain   district,  largely  in  Ouray  county,  and  off 

*  A  full  discussion  of  these  topics  would  lead  us  too  far  from  the  main  purpose 
of  this  paper,  but  reference  may  here  be  made  to  the  writings  of  Dr.  A.  C.  Peale, 
Wm.  IL  Holmes,  Archibald  Marvine,  Dr.  Eudlich  (Hayden's  Survey  Reports,  1873, 
'74,  75),  and  the  papers  quoted  of  the  writer,  for  information  concerning  existing 
glaciers,  hot  springs  and  similar  phenomena  in  the  Rocky  Mountain  region  from 
New  Mexico  to  Montana. 
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to  the  southwest  lies  tlie  Rico  field,  engendered  separately,  it  would 
seem.  Although  the  great  central  San  Juan  area  proper  is  very 
complex  and  made  up  of  many  distinct  groups,  there  is  yet  such  a 
kinship  in  the  whole  as  to  indicate  a  common  genesis,  with  struc- 
tural variations  due  to  secondary  causes.  In  the  Summit  and  the 
Rico  districts,  however,  there  is  not  this  close  relationship  either  to 
the  San  Juan  area  or  to  each  other.  Another  independent  district, 
in  general  terms,  is  that  of  the  La  Plata  mountains.  The  causes 
which  have  wrought  this  diversity,  as  well  as  the  variety  in  minor 
sub-divisions,  are  apparent  upon  thoughtful  consideration  of  all  the 
facts,  but  I  cannot  hope  that  I  have  discerned  the  whole  truth  nor 
even  that  more  detailed  study  will  minutely  confirm  all  the  conclu- 
sions which  uow  seem  almost  akin  to  facts  in  my  own  mind.  As 
far  as  possible,  therefore,  the  real  evidence  will  here  be  kept  apart 
from  the  deductions  which  I  feel  warranted  in  drawing  from  them.* 

Taking  the  districts  in  the  order  of  their  vein-formation,  we  have 
both  the  La  Plata  area  and  the  Rico  belt  occurring  among  the  ear- 
liest volcanic  rocks — propylite  and  andesite — chiefly  the  latter. 
Probably  the  Summit  district  came  next  and  the  central-region  fis- 
sures were  certainly  not  filled  until  after  the  trachytic  outflows,  in- 
cluding the  rhyolite.  The  Red  Mountain  epoch  was,  in  its  finishing 
acts,  not  only  post-glacial,  but  of  later  date  than  the  Terrace  Period. 

At  the  close  of  the  Cretaceous  Age,  the  greater  part  of  our  terri- 
tory had  been  elevated  to  such  a  height  that  the  succeeding  Eocene 
(?)  outflows  of  propylite  and  andesite,  from  points  north  and  south, 
could  not  reach  more  than  the  outlying  edges.  Perhaps  even  the 
light  incursions  of  such  material  which  ran  out  as  far  as  the  present 
Rico  and  La  Plata  outcrops  would  not  have  been  deposited  except 
for  the  bursting  out  of  local  fissures  near  those  points. f  Similar 
conditions  are  known  to  have  existed  northward  nearer  the  Arkansas 


*  Professor  M.  C.  Ihlseng  [Annual  Report  to  the  Governor,  1885,  Colorado  School 
oj  Min€«,  pp.  31-33)  takes  issue  with  me  very  courteously  regarding  some  of  my 
former  conclusions  on  these  questions.  He  shows,  however,  that  he  has  misunder- 
stoo<^l  my  statements  in  part,  while  he  wrongly  quotes  a  statement  of  mine  concern- 
ing the  Sunnyside  mine,  which  I  never  claimed  as  an  illustration  of  the  type  of 
vein  he  mentions  in  that  place  as  my  designation. 

t  We  know  but  little  of  the  geological  structure  of  the  country  southward  in 
New  Mexico.  If  my  judgment  be  correct,  it  is  to  be  confirmed  by  the  future  dis- 
covery of  large  masses  of  propylite  and  andesite  in  that  region,  penetrated  by  veins 
more  or  less  closely  affiliated  to  those  we  are  considering  in  this  place.  Intrusive 
eruptive  rocks  (hornblendic)  are  associated  with  the  Cretaceous  beds  (aud  Carbon,- 
iferous  also),  in  isolated  peaks  south  and  west  of  our  district. 

VOL.  XV. — 16 
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River,  and  the  Silver  Cliff  district  in  particular  has  revealed  a  fairly 
parallel  history.  In  certain  features,  owing  to  the  proximity  of  the 
sedimentary  formations,  the  Rico  area  bears  a  little  resemblance  to 
Leadville,  and  I  have  examined  deposits  on  Trout  Creek  not  far 
from  Red  Hill  (Denver  and  South  Park  Railroad)  which  are  similar 
to  the  Puzzle  vein  at  Rico. 

B.  Source  op  the  Volcanic  Rocks. 

The  veins  are  so  intimately  associated  with  the  volcanic  rocks  that 
it  will  be  impossible  to  go  further  without  some  discussion  of  the 
source  of  the  latter.  The  early  plutonic  history  of  this  region  seems 
to  me  to  have  been  about  as  follows  :* 

1.  Metamorphism. — All  through  the  Palaeozoic  Era,  from  what- 
ever cause,  there  was  great  and  increasing  tension  in  the  crust  along 
a  belt  trending  in  a  northeastward-south  westward  course  across  the 
central  portion  of  the  area  shown  on  Plate  IV.  By  degrees  this 
pressure  and  the  heat  induced  raised  the  sedimentary  beds  above  the 
sea-level,  at  the  same  time  metamorphosing  the  subjacent  beds  and 
melting  some  of  them.  In  many  regions  this  action  continued  only 
so  far  as  to  produce  that  generally  recognized  effect  known  as  ordi- 
nary metamorphism,  in  which  only  the  Archaean  beds  became  altered 
in  texture.  This  result,  I  take  it,  is  to  be  regarded  as  the  normal 
typeof  plutonism  ;  and  where,  in  ordinary  cases,  even  in  the  Rocky 
Mountains,  there  has  been  a  fusion  of  the  innermost  layers  of  rock 
and  a  subsequent  volcanic  activity,  we  neither  find  the  Archaean 
strata  obliterated  nor  the  early  Palaeozoic  formations  metamorphosed. 
In  fact,  there  is  proof  that  any  possible  area  in  Colorado  and  Wy- 
oming which  offers  an  exception  to  this  rule  must  be  restricted  in 
area.     Nevertheless,  I  am  not  alone  in   the  opinion  that  this  San 

*  This  theory  is  the  result  of  tliirteen  years'  study  of  the  geology  of  the  Kocky 
Mountains,  between  the  parallels  of  37°  and  45°  north  latitude,  although  its  essen- 
tial elements  were  worked  out  in  1873  in  Wyoming.  Certain  very  troublesome 
questions  having  arisen  regarding  the  purely  hypothetical  reasoning  upon  minor 
details,  I  have  never  felt  quite  strong  enough  to  present  the  theory  in  print,  not- 
withstanding that  it  has  been  often  broached  in  my  lectures  to  students  and  in  con- 
versation with  persons  competent  to  discuss  it.  In  view  of  its  favorable  reception 
.by  some  of  the  lutter  class,  and  especially  on  account  of  the  modifications  and  en- 
lightenment which  have  resulted  from  much  more  detailed  field-study  in  various 
parts  of  Colorado,  I  feel  emboldened  to  outline  it  in  these  pages.  The  application 
as  genera]  tiirougiiout  tlie  West,  at  least,  and  need  not  be  restricted  to  the  district  now 
passing  under  review,  except,  perhaps,  as  regards  the  matter  of  super-metamorphism. 
This,  if  true,  is  only  local. 
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Juan  district  is  a  real  example  of  such  a  local  departure  from  the 
type. 

2.  Super- Metamorph ism.  We  have  here,  I  believe,  an  illustration 
of  sitper-mefamorphism,  caused  by  a  thinner  crust,  but  one  offering 
as  much  resistance  to  rupture  as  the  portion  farther  north.  Thus  it 
would  come  to  pass  that  along  the  lines  of  least  resistance  the  igneous 
magma  lying  lielow  the  metamorphosed  strata  would  flow  out,  and, 
provided  fhat  the  maximum  tension  occurred  along  these  lines  of  least 
resistance,  we  should  have  probably  the  minimum  of  metamorphism 
in  the  sedimentary  formations.  I  must  not  indulge  the  desire  to 
amplifv  this  portion  of  my  subject,  but  it  maybe  stated  that  such  an 
emission  of  fused  material  is  well  exemplified  in  the  trap  ridges  of 
Connecticut,  which,  as  Dana  remarks,*  affords  us  a  near  approach 
to  the  composition  of  the  original  crust  of  the  earth.  The  basaltic 
outflows  of  the  Hawaian  Islands  represent  more  modern  but  similar 
conditions  carried  a  little  further  in  some  instances. f  Upon  my 
theory,  if  the  resistance  had  been  much  greater  along  those  lines, 
and  the  tension  and  heat  much  longer  continued,  the  igneous  fusion 
and  the  consequent  ol)literation  of  structure  would  have  gone  on  so 
far  as  to  have  produced  a  more  acidic  type  of  lava  in  the  first  erup- 
tions. Xow,  if  we  take  the  case  of  a  district  in  which  the  tension 
originates  late  and  the  resistance  is  great  enough  to  produce  fusion 
of  higher  beds  more  highly  siliceous,  an  outburst  of  the  molten  mass 
will  be  largely  made  up  of  less  basic  material  than  the  basalts  and 
dolerites;  that  is,  of  andesitic  lava  (andesite  or  propylite).  Carry- 
ing this  fusion  another  step  we  will  have  higher  percentages  of  silica 
in  the  lavas  and  orfhoclase  replacing  the  basic  feldspar.  Hence, 
even  with  equivalent  original  tensions,  greater  resistances  causing 
longer  action  may,  under  certain  other  conditions,  give  rise  to  any 
one  of  the  four  or  five  types  of  Rocky  Mountain  lavas. 

3.  Order  of  Flow  of  Lavas. — Whatever  may  be  the  effect  as  seen 
in  the  outflows  of  a  given  district,  it  is  a  fact  that  the  order,  begin- 
ning with  the  oldest,  is  almost  invariably  (1)  Propylite,  (2)' Andesite, 

*  Manual  of  Geology. 

f  Captain  C.  E.  Diitton,  Fourth  Annual  Report,  U.  S.  Geol.  Surv.  (Powell),  1882 
-83,  p.  86,  remarks  that  "  some  varieties  [of  Hawaian  lavas]  apjjear  to  approach  or 
even  correspond  to  andesite  faogitic),"  and  again  {op.  cit.,  171 ),  referring  to  an  old 
volcano  fKohala  Mountain)  of  the  Hawaian  group,  he  says:  "  Its  lavas  ....  ap- 
pear to  be  less  ferruginous  and  much  more  feldspathic The  group,  taken  as 

a  whole,  shows  a  tendency  to  approach  the  andesites."  It  is  interesting  to  note 
that  this  deprwit  was  of  earlier  date  than  the  basalt  which  forms  the  bulk  of  the  lava 
of  the  Hawaian  Islands. 
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(3)  Trachyte,  (4)  Rhyolite,  (5)  Basalt.  Wherever  two  or  more  of 
these  lavas  are  associated  the  younger  one  will  be  the  higher  number 
in  this  list.*  The  theory  does  not  require  this  absolutely,  except 
with  reference  to  the  association  of  trachyte  or  rhyolite,  or  both, 
with  basalt.  I  think  andesite  (possibly,  also  propylite)  might  suc- 
ceed trachyte  or  rhyolite,  but  not  basalt.  Another  fact  of  importance 
to  which  I  do  not  know  of  any  exception,  is  that,  whereas  a  single 
vent  may,  perhaps,  eject  trachyte,  followed  by  basalt,  or  rhyolite 
followed  by  basalt,  or  propylite  followed  by  andesite  (or  basalt),  or 
andesite  followed  by  basalt,  trachyte  and  rhyolite  never  are  ejected 
from  the  same  opening,  nor  does  an  escape- valve  for  andesite  after- 
wards become  an  outlet  for  trachyte  or  rhyolite.f  Still  further,  it 
should  be  noted  that  in  districts  covered  by  representatives  of  all  the 
flows,  there  are  usually  three  well-marked  areas  of  eruption  or  three 
})ronounced  geognostic  features  about  which  as  many  types  of  erup- 
tions are  gathered. 

a.  Andesite. — The  andesitic  lavas  (including  propylite)  in  such 
cases,  intrude  and  protrude  among  the  later  sedimentaries  and  do 
not  flow  out  from  the  area  subjected  to  the  greatest  tension.  They 
are  ejected  along  the  lines  of  least  resistance,  and  if  these  are  the 
axes  of  the  greatest  folds,  i.e.,  if  the  lines  of  least  resistance  are  in 
the  paths  of  maximum  tension,  the  results  are  such  as  we  have  to- 
day in  portions  of  the  Andes  mountains,  the  deposition  of  andesite 
from  elevated  volcanos.  Here  it  is  necessary  that  the  resistance 
should  originally  be  enough  greater  than  the  tension  to  retain  the 
molten  magma  until  it  can  secure  an  increased  percentage  of  silica 
by  fusion  from  the  adjacent  cap  of  rocks,  or  at  least  until  such 
chemical  and  physical  reactions  can  take  place  as  will  allow  the  less 
basic  material  to  float  upon  the  basaltic  portion.  If,  at  this  junc- 
ture, the  resistance  yield,  andesite  is  ejected.  This  action  may  be 
repeated,  or  the  substratum  of  basalt  may  flow  out  before  new  sup- 

*  Dr.  Endlich,  U.  S.  Geol.  Surv.  (Hayden),  1874,  pp.  197,  198,  gives  an  Instance 
of  rhyolite  covering  basalt,  but  as  he  remarks:  "Considering  all  these  circum- 
stances [given  there  in  detail]  the  conclusion  presents  itself  that  we  here  have  an 
instance  of  intrusive  basalt,  having  become  intrusive  after  the  ....  rhyolite  kad 
already  assumed  a  state  of  rigidity." 

t  Propylite  is  not  in  favor  as  a  lithological  term,  and  it  is,  perhaps,  unnecessary 
to  bring  it  into  the  discussion,  but  I  think  Richthofen's  species  of  this  name  can 
occur  under  certain  special  conditions  of  environment  for  which  my  theory  provides. 
I  have  therefore  retained  it  in  this  paper  to  designate  pioneer  eruptions  which 
difi'er  from  the  tyjjical  andesite,  probably  very  largely  by  method  of  cooling.  Per- 
haps I  shall  be  sufficiently  understood  if  I  speak  of  it  as  hornblcndic  andesite. 
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plies  of  silica  can  be  dissolved  and  incorporated.  Such  is  the  his- 
tory of  the  Hawaian  volcanoes  which  Captain  Dutton  has  recently 
described  and  illustrated  most  profusely.* 

6.  Trachyte. — But  if  the  cap  react  too  strongly  to  permit  the 
escape  of  the  expanding  magma,  provided  that  there  is  no  line 
of  less  resistajice  anil  provided  that  the  cap  is  unyielding,  tiie 
undermining  process  and  the  chemical  reactions  will  go  on  until 
highly  sjiliceous  (acidic)  lava  will  lie  above  the  andesite,  and  thus 
trachyte  will  tii-st  tlow  out  when  the  cap  becomes  thin  enough  to 
yield  and  break.  As  an  illustration  of  this,  we  may  take  some  of 
the  volcanoes  of  Central   France,  described  by  Scrope  and  others.f 

c.  RhyoUie  will  come  from  the  continuation  of  this  process  with 
confinement  of  the  magma  until  an  excess  of  free  silica  is  secured. 

d.  Basalt  comes  at  the  last,  though  earliest  formed,  because  it  has 
becu  held  back  by  the  lighter  lavas  floating  upon  it. 

C.  Lines  of  Tension  and  Resistance,  with  Result. 

We  thus  have  an  explanation  of  the  origin  of  independent  flows 
of  each  kind  of  lava  in  districts  where  the  conditions  are  adjusted 
for  it  alone,  or  at  most  for  acidic  and  basic  flows  in  succession  from 
the  same  vent;  but  in  the  West  there  have  been  ejections  of  the  five 
classes,  one  after  the  other,  and  this  from  many  vents,  so  that  repre- 
sentatives of  all  the  volcanic  groups  occur,  as  we  have  seen,  within 
narrow  limits.  Considering  all  the  facts,  it  is  impossible  to  admit 
that  each  eruption  in  our  district  in  southwestern  Colorado,  for  in- 
stance, has  taken  place  in  an  orographically  distinct  area.  Were 
this  deduction  not  at  variance  with  the  geognosy  already  discussed, 
the  vein-structure  itself  renders  it  wholly  inadmissible.  The  same 
conditions,  with  other  local  modifications,  obtain  in  other  parts  of 
Colorado,  and  in  Wyoming,  Montana,  and  other  sections.  We  ar£ 
forced  to  seek  the  solution  in  another  direction,  viz.:  in  the  reactions 
of  the  sedimentary  cap  upon  the  fluid  magma,  by  which  means  lines 
of  different  degrees  of  resistance  were  induced,  bearing  such  relations 
to  each  other  as  to  produce  nearly  the  maximum  effects.  It  is  clear 
that  this  could  occur  when  the  line  of  least  resistance  to  fracture  was 
removed  as  far  as  po&sible  from  the  path  of  maximum  tension,  pro- 
vided that  the  line  of  greatest  resistance  to  fracture  (being  directly 
in   this  path)  were  such  in  virtue  of  the  flexibility  of  the  strata. 

*  Paper  on  Hawaian  Volcanoes,  in  Fourth  Annual  Report,   U.  S.  Geol.  Surv. 
(Powell),  1882-83,  pp.  81-212,  illustrated  with  many  fine  views,  etc. 
t  .Scrope,  Volcanoes  of  Central  France, 
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That  is  to  say,  if  the  line  of  least  resistance  at  the  start,  wliere  fold- 
ing would  occur,  were  in  flexible  strata  over  the  seat  of  tension,  the 
expansion  of  the  magma  would  tend  to  increase  the  fold,  but  no 
fracture  would  occur,  and  so  a  series  of  parallel  folds  might  be  pro- 
duced, as  was  actually  the  case  in  our  district. 

Now,  if  we  take  a  comprehensive  view  of  the  Rocky  Mountain 
chain,  we  discern  not  only  a  long  series  of  meridional  corruga- 
tions, but  at  intervals,  a  transverse  set  of  foldings,  which  emanate 
chiefly  from  the  major  axes  of  the  longitudinal  ridges.  The  "  pin- 
nacles" to  which  I  have  referred  are  foci  of  this  character,  and  each 
prominent  seat  of  volcanicity  in  Colorado,  Wyoming,  and  Montana 
is  accompanied  by  such  structure.  In  our  district  there  are  appa- 
rently three  axes  at  first  sight,  but  I  think  the  evidence  is  strongly 
in  favor  of  fracture  rather  than  folding  for  the  third  line,  which  is 
transverse  to  the  others  at  their  point  of  intersection.  The  meri- 
dional trend  across  our  tract  is  about  N.  18°  E,,  the  main  axis  of 
the  corrugated  belt  passing  through  the  Needle  mountains,  thence 
near  Cunningham  Pass  and  Stony  Pass,  crossing  the  Gunnison 
tributaries  not  far  from  the  base  of  Handle's  Peak  and  going  north- 
ward out  of  the  district  a  little  east  of  Uncapahgre  Peak.  There  is 
a  series  of  transverse  folds,  or  rather  a  set  of  broad  undulations  fol- 
lowing approximately  an  east-west  course  (more  accurately  N.  80° 
E.).  As  the  land  rose  along  the  longitudinal  trend,  it  seems  to  have 
been  subjected  to  strains  at  intervals,  tending  to  disrupt  the  cap 
latitudinally.  Either  through  greater  resistance  northward  or  more 
sudden  action  southward,  the  molten  magma  burst  forth  in  the  latter 
region  before  it  had  acquired  a  large  surplus  of  silica.  It  also  ap- 
pears to  have  been  pressed  in  among  the  strata  (intruded)  without 
extensive  outflows,  much  as  if  it  had  found  vent  through  weak  lines 
of  resistance  where  its  elastic  force  was  slight,  but  where  it  was  sub- 
jected to  hydraulic  pressure  from  superincumbent  portions  of  the 
entombed  lava.*  The  propylitic  and  andesitic  character  of  these 
earliest  products  I  attribute  to  the  supposed  fact  of  their  issuance 
from  the  ill-defined  line  of  junction  between  the  basic  and  acidic 
layers  of  the  magma.  All  these  results  have  been  produced  as  here 
outlined  wherever  I  have  met  the  propylite  and  andesite  in  the  west, 
and  the  real  distinctions  between  the  two  rocks  being  physical  rather 

*  W.  H.  Holmes,  U.  S.  Geol.  Surv.  (Playdcn),  1875,  pp.  268-276,  gives  in  his 
inimitable  style  of  diction  and  graphic  illustration  a  very  excellent  account  of  these 
outflows  and  intrusions  in  the  La  Plata  Mountains,  and  in  some  isolated  areas  out- 
side of  our  district. 
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than  cliemioal,  are,  in  my  opinion,  almost  wholly  clue  to  different 
conditions  of  cooling.  At  any  rate  the  La  Plata,  Rico,  and  Summit 
districts,  although  not  identical  in  history,  have  this  ninch  in  common, 
viz.:  that  the  veins  pass  through  the  andesite  (and  propylite)  before 
reaching  the  surface.  The  Summit  deposits  are,  however,  in  their 
superficies,  imbediled  in  later  lavas,  while  the  Rico  and  La  Plata 
matrices  are  unlike  each  other  and  different  from  the  Summit  en- 
vironment. 

D.   Mining  Areas. 

1.  La  Plata  Region. 

The  I^  Plata  district  has  deserved  more  attention  than  it  has  yet 
receivetl.  Geologically  speaking,  it  furnishes  the  opening  page  of 
the  vein-history  of  our  region.  The  map  (Plate  III.)  shows  a  little 
of  its  present  surface-features,  but  gives  only  an  inkling  of  the 
substructure.  The  important  revelation  made  by  the  rocks  is  the 
close  connection  of  the  veins  with  the  metamorj)hics,  though  there 
is  lacking,  so  far  as  I  know,  any  evidence  of  the  disconnection  of 
lodes  from  the  hornblendic  andesite  where  that  is  present.  That  is 
to  say,  the  veins  in  the  volcanic  rocks  do  not  appear  to  have  been 
formed  from  preexisting  veins  in  the  metamorphics.*  The  granitic 
rocks  have  been  exposed  by  erosion  or  by  the  uplift  which  accom- 
panied the  propylitic  intrusions  and  andesitic  flow,  and  the  vein- 
formation  has  been  subsequent  to  this  disturbance,  beyond  a  doubt. 
The  lavas,  of  insignificant  areal  extent,  intrude  and  overlie  Carbon- 
iferous and  Cretaceous  beds,  but  in  this  section  there  are  not  many 
well-known  exposures  which  show  the  limestone  contact,  the  Upper 
Carboniferous  sandstones  being  usually  beneath  the  andesite.  West 
of  the  La  Plata  mountains,  the  Sierra  EI  Late  beyond  our  limit 
exhibits  identical  structure,  and  similar  reactions  took  place  at  many 
points  over  a  broad  belt  extending  eastward  across  nearly  to  the 
San  Luis  valley.  Mount  Wilson,  Lizard's  Head  and  other  isolated 
peaks  were  apparently  centers  of  eruption  in  this  period,  and  the 
zone  of  disturbance  extended  southward  into  Arizona  and  probably 
(as  before  suggested)  into  New  Mexico.  The  veins  occur,  however 
(and  this  is  an  important  fact),  only  along  a  comparatively  narrow 
central  belt,  trending  approximately  with  the  longitudinal  foldings 
previously  indicated. 

The  character  of  the  veins  of  this  zone  is  very  instructive.     As 

*  This  does  not  mean,  however,  that  the  source  of  the  vein-stuff  is  necessarily 
ab(/ve  the  nietamorithics. 
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far  as  my  own  information  goes,  there  are  many  features  which  go 
to  confirm  the  views  here  announced  concerning  the  formation  of  the 
lodes  in  all  this  region.  The  district  is  pre-eminently  gold-bearing, 
though  silver-ores  are  not  wanting.  Tellurium  compounds,  very 
rich  in  gold,  are  frequent.  The  veins  are  numerous  and  intricately 
mingled.  Near  Parrott  City  gold-placers  of  some  promise  occur. 
I  cannot  give  the  detailed  description  of  this  section  which  is  neces- 
sary in  order  to  fully  discuss  it,  but  from  numerous  published  and 
unpublished  reports  which  have  reached  me,  together  with  specimens 
of  ore  brought  to  my  notice,  I  infer  that  we  have  here  examples  of 
the  earliest- formed  lodes,  which  have  not  been  aifected  by  subsequent 
eruptions,  except  in  the  way  of  dislocation  or  structural,  not  textu- 
ral,  modifications.* 

2.  Rico  Belt. 

The  Rico  district  is  not  apparently  distinct  from  the  La  Plata 
area  in  origin.  It  is  extremely  difficult  to  say  whether  all  the  veins 
of  southern  Colorado  have  been  formed  together  or  at  different 
periods,  but  I  rather  incline  at  present  to  the  latter  view,  notwithstand- 
ing the  difficulty  of  substantiating  the  theory  minutely.  The  rela- 
tions of  the  Rico  belt  are  with  the  La  Plata  uplift,  but  the  differences 
are  quite  marked  in  the  veins.  All  these  variations  can,  however, 
be  readily  understood  by  a  simple  examination  of  local  geognosy. 
Many  of  the  veins  at  Rico  are  intimately  associated  with  the  car- 
boniferous limestones,  giving  them  much  of  the  character  of  ''con- 
tact"  deposits  similar  to  those  at  Leadville.  Carbonated  ores  are 
not  unusual,  although  numerous  examples  of  the  so-called  "  fissure- 
veins  "  outcrop  in  the  andesite.  There  is  very  much  to  be  learned 
of  the  geology  of  this  remarkable  little  ore-patch.  There  is  no  ap- 
parent reason  why  its  area  should  not  be  very  much  extended  by 
intelligent  research.  Borings  should  be  made  systematically  over 
the  region  east  of  the  present  raining  camp,  at  least,  where  exactly 
similar  geological  structure  exists,  but  not  as  well  exposed  by  nat- 
ural cuttings.  Nuggets  of  gold  and  native  silver  occur  in  some 
veins,  but  the  ores  usually  are  complex  or  simple  sulphides.  As  a 
rule,  the  veins  are  worked  in  the  region  of  andesite  intrusions. 
It  would  seem  that  they  are  for  the  most  part  rather  later  than 

*  The  hornblendic  traoliyte  and  tlie  more  typical  andesites  of  tliis  section  seem 
to  be  separated  less  by  any  physical  conditions  of  environment  which  migiit  have 
affected  the  cooling  of  the  lavas  than  by  their  relative  distances  from  the  ineta- 
morphic  core. 
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the  La  Plata  veins,  but  of,  perhaps,  the  same  general  system. 
I  have  had  much  diffieultv  in  explaining  the  peculiarities  of 
this  district  in  its  vein-formations.  Many  of  its  ciiaracteris- 
tics  have  at  first  appeared  to  seriously  weaken  the  applicability 
of  my  theory  of  volcanicity  to  this  region.  But  the  more  it  is 
studied  the  greater  becomes  my  confidence  in  the  opinion  acquired 
from  other  data,  that  successive  epochs  of  vein-deposition  in  southern 
Colorado  have  followtn.!  the  periodic  eruptions  from  independent/oc^. 
There  seems  to  me  now  no  other  solution  of  the  problem  than  what 
the  theory  of  progressive  metamorphisra  provides.  If  this  theory 
be  an  approximation  to  the  truth,  we  must  perforce  find  these  earli- 
est volcanic  sheets  approaching  somewhat  closely  the  most  highly 
fused  strata  of  the  metamorphic  series,  the  granites.  This  condition 
is  fulfilled  in  the  most  striking  manner.  The  most  abundant  gran- 
ite in  this  section  has  but  little  quartz,  a  small  proportion  of  ortho- 
clase,  much  oligoclase  and  a  very  large  percentage  of  magnetite.  In 
nearly  all  the  andesite  of  the  region  magnetite  is  present.  The 
eruptions  were  restricted,  comparatively  feeble  and  decidedly  intru- 
sive. Often,  as  Holmes  has  shown,  the  lava  welled  up  gently  through 
the  sedimentaries  until  it  reached  the  Cretaceous  beds,  when  it  spread 
out  between  the  strata  and  distorted  them.  This  was  the  case  off  to 
the  west  of  our  area  ;  but  at  Rico  the  tension  of  the  seething 
magma  was  sufficient  to  disrupt  the  Carboniferous  beds,  producing 
fissures  in  addition  to  the  intrusions.  Hence,  the  occurrence  of  both 
contact-  and  interpenetrating  veins,  chiefly  the  latter.  But  here  the 
convulsion  was  often  too  slight  to  snap  the  rocks  all  at  once,  and,  in 
many  cases,  the  crevices  were  made  irregular,  tortuous  or  with  com- 
minuted filling.  These  effects  might  be  regarded  as  more  incident 
to  the  local  environment  than  to  the  type  of  eruption  were  it  not 
that  similar  xem-sU-ucture  accompanies  the  andesitic  eruptions  farther 
north,  while  it  is  a  fact  that  the  trachytic  and  rhyolitic  lavas  do  not 
encase  lodes  of  such  character  in  other  localities  where  the  strati- 
graphical  relations  are  identical. 

3.  Summit  District. 

This  is  a  very  small  area  remote  from  the  La  Plata  region,  which 
it  most  resembles.  In  certain  features  its  deposits  approach  some  of 
the  veins  which  lie  near  the  outskirts  of  the  central  San  Juan  area 
on  the  side  next  to  the  Rico  District.  Mr.  R.  C.  Hills  has  done 
more  than  any  one  else  to  interpret  the  history  of  this  ti'act.  His 
view,  that  the  ore-bodies  are  the  result  of  local  secondary  action 
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through  a  process  of  leaching  of  the  adjacent  rocks  under  the  influ- 
ence of  solutions  carrying  iron  salts,  is  well  set  forth  in  a  paper  read 
before  the  Colorado  Scientific  Society  several  years  ago.*  Mr.  S. 
F.  Emmons,  of  the  U.  S.  Geological  Survey,  who  has  not  yet  studied 
this  region,  has  republished  an  abstract  of  the  same  paper,t  with  the 
illustrations,  referring  to  it  as  a  strong  confirmation  of  his  own  theory 
of  mineralization  as  applied  to  the  greater  number  of  the  Colorado 
veins.  As  will  appear  later,  I  concur  with  Mr.  Emmons  in  his 
opinion  that  many  of  our  lodes  are  not  in  all  respects  typical  exam- 
ples of  the  common  "  fissure-vein,"  but  I  am  not  ready  to  admit  that 
(as  Mr.  G.  F.  Becker  also  holds)  the  source  of  the  ores  is  the  adjacent 
country  rock.  Dr.  J.  S.  Newberry  |  admirably  puts  the  argument 
in  favor  of  Riclithofen's  theory  of  deposition  by  ascending  currents 
of  hot  water,  to  which  I  might  add  abundant  confirmative  testimony. 
I  have  seen  no  reason  to  adopt  any  different  explanation  of  the  ori- 
gin of  the  peculiar  structure  of  the  Summit  ore-belt,  although  there 
are  some  interesting  local  modifications  there  which  are  not  as  yet 
known  to  exist  elsewhere. § 

It  is  my  opinion,  after  examination  of  all  the  districts,  that  the 
explanation  of  Mr.  Hills  is  correct,  but  that  it  covers  only  the 
secondary  history  of  the  veins.  In  other  words,  if  the  Rico  veins 
of  the  simpler  type,  instead  of  being  left  uncovered  after  their  for- 
mation, had  been  clothed  with  a  rhyolitic  cap,  and  then,  if  suitable 
troughs  or  basins  had  been  formed  by  folding  of  the  strata,  we  would 
now  find  there  deposits  quite  similar  to  those  at  Summit.  The  only 
difference  in  the  history  of  the  two  districts  (barring  possible  un- 
known, but  unimportant,  elements  of  sub-structure)  lies  in  the 
secondary  alterations  which  the  veins  of  the  Summit  have  under- 
gone since  their  deposition.  These  reactions  have  been  specially 
favored  in  this  locality  by  a  folding  of  the  beds,  apparently  at  a 
period  subsequent  to  the  rhyolitic  outflow.  This  rather  problemat- 
ical condition  is  predicated  upon  Mr.  H's  authority,  which  is  un- 
questionable, but  it  will  be  seen  that  it  is  not  a  common  occurrence. 
The  principal  gold-de{)osits  in  this  area  are  suj)posed  to  be  the  result 
of  (1),  "  the  silicification  of  granular  rhyolite  by  a  solution  contain- 

*  March,  1883. 

f  Ewjineerirxj  and  Mining  Journal,  vol.  xxxv.,  p.  332,  June  9tli,  1883. 

X  School  of  Mines  Quarterly,  vol.  v.,  1884,  p.  329.  Copied  in  Engineering  and 
Mining  Journal,  vol.  xxxviii.,  July  19th,  1884,  pp.  38-40. 

I  Professor  P.  H.  Van  Diest  (Proc.  Colo.  Sci.  Soc,  Jan\iary,  1886)  refers  certain 
of  the  Ophir  veins  to  a  similar  source,  but  the  results,  owing  to  different  structural 
conditions,  are  not  wholly  identical. 
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iiiij  free  sulphuric  acid,  aud  the  deposition  of  the  metallic  sulphides 
with  gold  and  silver;  (2),  folding  of  the  beds;  (3),  oxidation  and 
impoverishment  of  the  surtace-ore  and  the  concentration  of  the  pre- 
cious metals  in  bonanzas."  The  results  in  detail  agree  well  with 
this  theory  and  no  one  certainly  is  as  well  acquainted  with  the  facts 
as  its  author.  There  is  here,  I  think,  an  example  of  ''double  con- 
tact" between  andesite  and  rhyolite.  Mr.  Emmons  sees  in  this  the 
proof  of  local  segregjition  from  the  andesite,  but  I  am  impelled  to 
thcopinion  that  the  source  of  the  bonanzas  is  in  j)revi()usly  formed 
veins  penetrating  the  andesitic  outflows.  So  far  as  I  can  see,  it  is 
unnecessary  to  imagine  such  complications  in  the  history  as  the 
above  theory  demands,  and  I  do  not  doubt  that  we  have  other  less 
confused  examples  of  similar  secondary  actioti.  It  is  a  very  signifi- 
cant fact  that  these  all  occur  in  localities  where  the  andesitic  flows 
may  properly  be  regarded  as  underlying  the  rhyolite.  There  are 
some  very  nice  points  involved  in  the  full  discussion  of  this  topic, 
but  it  must  suffice  now  to  note  one  peculiarity  in  the  veins  which  is 
almost  coincident  with  the  rhyolite  cap  over  the  whole  region  to  the 
westward,  viz. :  the  presence  of  enargite  or  one  of  a  series  of  allied 
minerals.  The  silver  and  the  gold  are  often  associated  with  this 
mineral,  but  in  the  Summit  district  the  gold  is  separately  aggregated 
just  as  it  is  in  the  "  parent  fissures  "  of  the  central  San  Juan  area 
next  to  be  discussed.  Probably  we  have  here  condensed  and  epito- 
mize<l  much  of  the  history  which  is  recorded  over  the  great  High- 
land region  upon  a  stupendous  scale. 

The  impoverishment  of  the  quartz  at  the  surface  to  a  depth  of 
fifty  feet,  is  interesting,  but  not  remarkable,  though  it  indicates  more 
decomposition  than  is  usual  in  our  region.  The  oxidation  zone,  car- 
rying free  gold  in  iron  oxide,  extends  down  over  three  hundred  feet 
in  some  cases.    The  bonanzas  all  occur  in  this  portion  of  the  deposits. 

4.  Tlie  Central  San  Juan  Area. 

One  of  the  most  striking  features  in  the  distribution  of  the  met- 
alliferous tracts  is  their  isolation  from  each  other,  and  yet  thei-e  is 
nothing  in  the  geography  or  geognosy  of  our  whole  region  which, 
from  a  cursory  view,  would  explain  this  result.  In  only  one  instance  is 
there  a  sudden  change  in  topography  at  the  edge  of  a  mineral  belt, 
but  there  are  many  similar  topographic  and  geological  breaks,  which 
seem  to  have  had  little  or  no  effect  upon  the  vein-courses.  I  do  not 
mean  that  the  topography  is  not  closely  related  to  vein-distribution 
in  minor  features,  for  this  is  very  evident ;  only  the  great  geographical 
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landmarks,  like  many  of  the  higher  peaks,  do  not  form  the  barriers 
between  fruitful  and  barren  areas.  The  exception  noted  is  the  pres- 
ent Continental  Divide.  Oddly  enough,  this  almost  completely  sep- 
arates the  mining  country  from  the  eastern  unproductive  territory. 
Approximately  following  the  general  trends  of  this  watershed  is 
the  line  of  junction  between  the  Central  Highland  and  three  sides 
of  the  "  Bluff  Country  "  (see  Plate  II.).  Up  to  this  ridge-line  from 
the  west  the  veins  run  abruptly,  but,  practically,  they  do  not  cross 
it.  The  hydrographic  basin  of  the  Rio  Grande  is  of  the  most  pecu- 
liar type  in  every  way.  Some  of  the  remarkable  relations  of  the 
volcanic  rocks  in  this  section  have  been  already  noticed.  I  cannot 
present  all  the  interesting  facts,  but  there  is  no  way  to  account  for 
them  all,  except  by  regarding  this  sudden  break  as  the  course  of  one 
or  more  faults  of  great  proportions.  Evidences  of  such  disruption 
are  plainly  discernible  in  a  few  places.  The  general  results  can  be 
determined  fairly,  but  much  detailed  study  will  be  necessary  before 
the  whole  problem  can  be  solved.  As  far  as  I  have  been  able  to 
draw  conclusions,  the  following  appear  well  founded  : 

First,  the  central  axis  of  the  longitudinal  folds  rose  gradually 
without  rupture,  the  tension  being  greater  northward,  so  that,  after 
the  andesitic  eruptions  and  intrusions  southward,  and  at  a  time  when 
the  fused  magma  had  acquired  a  more  siliceous  character,  an  out- 
burst of  trachyte  in  many  successive  flows  occurred  in  the  neighbor- 
hood of  the  Uncapahgre  Peak.  This  flooded  wide  areas  northward, 
southward  and  westward,  including  the  Central  San  Juan  area  in 
part.  But  upon  the  west  a  low  barrier  of  some  kind  existed,  for 
the  lavas  did  not  flow  very  far  in  that  direction. 

All  this  time,  there  was  very  great  tension  in  the  vicinity  of  the 
Red  Mountain  mining  district,  but  the  rock  cap  had  not  yielded. 
Finally,  after  the  quartzose  roof  had  become  sufficiently  weakened, 
and  when  the  lavas  had  acquired  a  rhyolitic  character,  another  series 
of  eruptions  occurred  in  this  locality.  This  acidic  outburst  was  vio 
lent  enough  and  sudden  enough  to  fracture  the  overlying  strata 
along  six  radial  lines,  extending  out  in  as  many  directions  from  the 
oblong  crater.  I  take  it,  that  the  eruption  may  have  been  induced 
by  the  parting  (faulting)  of  the  crust  along  the  axes  of  the  major 
longitudinal  and  transverse  folds,  but,  whether  this  be  true  or  not, 
the  strata  yielded,  and  dropped  along  those  linos  (or  practically  so), 
producing  downthrow  faults  all  along  the  edges  of  the  present  min- 
eral field.  The  average  downthrow  was  sufficient  to  prevent  the 
heavy  rhyolitic  streams  from  overflowing  the   upthrow  rim  of  the 
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basin,  except  in  one  or  two  places,  clnefly  northward.*  That  the 
rim-faulting  occurred  prior  to  the  ejection  of  the  bulk  of  the  rhyo- 
lite  is  indicated  by  this  restricted  area  of  deposition  ;  but  it  is  prob- 
able that  the  downthrow  was  the  result  of  the  release  of  pressure 
consequent  upon  the  ejections.  The  production  of  the  radial 
fissures,  however,  was  subsequent  to  the  eruptions,  for  they  are 
filleil  now  with  vein-matter.  The  rhyolite  flows  did  not  pass  out 
to  the  fault  lines  in  all  cases,  and  in  other  instances  only  the  thin 
edges  of  the  deposits  lie  near  the  wall.  When  the  radial  fissures 
were  produced,  they  affected  only  the  strata  within  the  downthrow 
area,  and,  in  some  cases,  they  do  not  extend  to  the  rim  of  this  de- 
pression. 

In  my  papers,  published  in  1884, f  detailed  descriptions  were 
given  of  the  six  zones  produced  by  deposition  in  belts  along  the 
courses  of  the  radial  fissures.  For  an  explicit  account  of  the  min- 
eralogy of  the  several  zonal  districts,  I  must  refer  to  these  articles. 
As  to  the  structure  of  the  veins,  their  contents  and  distribution,  the 
views  there  expressed  need  no  particular  modification,  for  the  history 
here  outlined,  deduced  in  part  from  independent  data,  only  serves 
to  confirm  what  I  had  previously  worked  out.  Professor  M.  C. 
Ihlseng,  with  partial  knowledge  of  the  facts,  has  made  an  attempt 
to  test  my  former  statements  by  methods  which,  though  seemingly 
fair  and  accurate,  are  quite  misleading.  A  much  better  authority 
upon  vein-courses  is  Mr.  William  Munroe,  United  States  Deputy 
Mineral  Surveyor,  of  Silverton,  who  makes  no  pretensions  to  geo- 
logical knowledge,  but  who  is,  nevertheless,  one  of  the  most  capable 
and  trustworthy  observers  in  that  region.  Mr.  Munroe  called  my 
attention,  as  early  as  1880,  to  the  peculiar  directions  of  the  vein- 
dips,  which  I  have  noted  in  my  papers. 4!  The  fact  was  then  known 
to  myself  also,  but,  at  that  time,  its  import  was  only  slightly  appre- 
ciatetl.     Professor  Ihlseng  thinks  he  has   demonstrated,  by  plotting 

*  The  evidence  of  all  this  and  much  more  interesting  details  are  in  my  posses- 
sion, but  it  would  be  impossible  to  give  it  here,  without  adding  many  pages  to  this 
paper.  I  am  unable  to  discover  any  other  solution  of  the  problem  than  the  one 
here  offered,  though  I  have  discarded  many  theories  which  were  not  borne  out  by 
the  facts.  Having,  after  thirteen  years'  diligent  field-study  of  these  formations,  ar- 
rived at  an  explanation  which  is  confirmed  more  and  more  by  each  newly-observed 
fact,  I  feel  emboldened  to  ofler  it  tentatively  as  a  convenient  working  hypothesis  at 
least. 

t  "  The  Distribution  of  San  Juan  County  Ores,"  Eng.  and  Min.  Journal,  vol. 
xxxviii.,  pp.  208,  220,  235,  245,  298,  315,  328 ;  also,  Ibid.,  vol.  xxxix.,  p.  38. 

X  Op.  eit.,  ante,  p.  249  et  seq. 
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the  courses  of  very  many  veins,  that  my  opinions  on  trends  are 
whimsical,  but  he  is,  in  this  respect,  just  where  I  was  five  or  six 
years  ago.  If  he  will  give  the  subject  the  same  amount  of  atten- 
tion in  the  field,  he  may  appreciate  the  fallacy  of  his  methods.  In 
the  first  place,  his  map,  although  accurate  enough  for  general  pur- 
poses, is  worth  little  for  showing  the  relations  of  mining  properties, 
and  a  number  of  these  are  wofully  misplaced.  Again,  he  says  that 
his  method  of  plotting  admits  of  a  "  maximum  variation  of  20°  from 
the  true-trend."  Yet  it  must  be  considered  as  a  remarkable  con- 
firmation of  my  own  results,  that  with  all  the  looseness  of  his  methods, 
his  trends  all  vary  less  than  20°  from  those  which  I  have  announced 
as  the  basis  of  my  deductions.  Still,  I  object  to  the  method,  unless 
careful  selection  of  the  veins  is  made  in  the  field,  as  I  have  done. 
Professor  Ihlseng  overlooks  the  fact  that  my  earliest  publications* 
referred  to  primary  and  secondary  sets  of  veins.  It  will  not  do  to 
take  (as  he  did)  1900  surveys  for  patents,  even  allowing  that  such 
always  follow  vein-courses  (as  they  certainly  often  do  not),  and  plot 
them  without  reference  to  their  relations.  My  good  friend  may 
spend  a  lifetime  in  the  study  of  this  region,  with  great  benefit  to  our 
cotnmon  profession,  but,  before  he  allows  himself  to  generalize,  he 
should  collect  a  very  much  wider  array  of  facts  in  the  field.  The 
United  States  Deputy  Mineral  Surveyors,  as  a  class,  are  not  storing 
up  in  their  surveys  for  patents  such  facts  as  can  be  relied  upon 
M'holly  in  the  determination  of  geological  structure. 

A  brief  review  of  the  salient  points  of  the  articles  aforementioned 
will  be  necessary  in  this  place,  omitting,  however,  much  of  interest 
regarding  the  mineral  contents  of  the  veins.  The  six  radial  fissures 
of  the  downthrow-area  intersect  or  run  nearly  together  in  the  heart 
of  the  Red  Mountain  district,  and  their  courses  are  such  that  they 
j)ractically  amount  to  only  three  fissures  crossing  at  that  point.  As 
provisionally  marked  out  by  myself  in  1884,  these  crevices  run  off 
from  the  vicinity  of  Red  Peak  in  the  directions  N.  38°  E.,  N.  79°30' 
K,  S.  341°  E.,  S.  35°  W.,  S.  76°30'  W.,  and  N.  36i°  W.  Slight 
variations  from  these  trends  occur,  and  the  only  reason  for  using  six 
bearings  instead  of  three  is  the  peculiar  grouping  of  the  principal 
veins  into  zones  about  these  fissures  as  central  axes,  with  such  indi- 
vidual characteristics  as  to  make  six  fairly  distinct  mineral  belts. 
These  zones  are  usually  separated  by  barren  areas,  wedge-shaped, 
which  begin  to  be  particularly  noticeable  along  the  course  of  the 

*  "  Notes  on  the  Geology  and  Mineralogy  of  San  Juan  County,  Colorado,"  Trans- 
actions, vol.  xi.,  165  (Colorado  Meeting,  August,  1882). 
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Animas  river.     This  stream,  in    its  upper  portion,  follows  nearly 
the  arc  of  a  circle  of'G.V  miles  radius,  with  Red  Peak  as  a  center. 

Other  streams,  at  similar  distance,  follow  this  circle  approximately. 
A  circle  drawn  from  the  same  center,  with  a  radius  of  ten  miles,  cuts 
the  zones  with  arcs  of  different  majjuitudes.  Thus,  we  have,  in 
tabular  form,  the  following  Mineral  Zones  : 


Na 

Name. 

Contents. 

Width  at 
10-iiiile 
circle. 

Trend. 

Principal  Towns. 

1 
2 

3 
4 

5 
6 

I'ncavvihfrre  Peak* 
Handle's  Peak. 

Continental. 
Lost  Peak, 
(ilaeier  Peak. 
Mount  Sneflfels. 

A  rsen  irnl. 
Bismuth. 

Galerui—Gray  Copper. 
Anlimnninl. 
AranUif'rrtut  Galena. 
Siiip/iufet  (silver). 

4^  miles. 
11      " 

11      " 
9      " 
3      " 

17      " 

N.  38°  E. 

N.  79>^  E. 

S.  341/?^  E. 
S.  3.^)°"W. 
S.  16^4  W. 
N.  m^A  W. 

Jlinoral  Point. 

Capitol. Sliennan,  An- 
imas Forks,  Eureka, 
Gladstone. 

Howards'e,  Silvertou. 

Cliattaiiooga. 

Ophir,  AiiH's. 

San  Miguel,  Telhiride 
Slieridan,  Iroiiton, 
Ouray. 

There  are  many  very  interesting  parallels  in  opposite  segments, 
some  of  which  are  mentioned  in  the  former  review,  and  I  can 
only  refer  now  to  a  very  few  striking  examples.  For  instance, 
zones  1  and  4  not  only  agree  well  in  the  trends  of  the  central  parent- 
fissures,  hut  their  vein-contents  are  alike  complex,  rebellious  and 
contaminated  with  paragenetic  base  metals ;  zones  2  and  5,  and  3 
and  6,  each  to  each,  are  similarly  related.  But,  with  all  the  rela- 
'tions  which  give  evidence  of  a  common  ultimate  origin,  there  are  in 
each  zone  some  features  which  are  unique,  causing  a  diversity  of  ex- 
pression, not  less  striking  than  the  unity  of  development.  I  do  not 
pretend  to  be  able  to  offer  even  plausible  explanations  for  certain  of 
these  very  curious  results,  but  my  imperfect  studies  have  gone  so  far 
as  to  convince  me  that  rich  rewards  await  those  who  maybe  fortunate 
enough  to  work  in  this  field  with  the  proper  facilities.f  Familiar 
as  I  am  with  every  nook  and  corner  of  the  district  and  with  the 
course,  location,  development  and  mineral  contents  of  almost  every 


*  This  was  named  the  Engineer  Mountain  Area  in  my  earlier  papers. 

t  The  problems  are  largely  physical  and  chemical.  Of  necessity,  my  own  work 
has  been  restricted  to  sltirmishing  on  the  borders,  as  it  were,  of  this  field.  The 
glimpses  I  have  had  of  what  lies  beyond  have  been  very  fascinating  indeed.  The 
close  resemblances  in  form  of  the  almost  endless  combinations  in  the  veins  and 
the  restriction  of  certain  elements  to  individual  zones,  in  large  measure,  are  very 
snggestive  of  electrical  activity  during  the  period  of  vein-dei)Osition.  I  have 
gleaned  some  facts  which  lead  me  to  believe  that  the  ores  have  been  deposited  by  a 
process  akin  to  electrolysis,  but  under  conditions  so  complex  that  it  would  be  folly 
to  generalize  upon  the  subject,  without  much  more  intricate  investigation  combined 
with  experimental  chemical  tests. 
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one  of  the  thousands  of  veins  which  traverse  the  region,  it  is  not  a 
simple  task  to  formulate  this  knowledge,  nor  is  it  claimed  that  the 
opinions  here  expressed  are  such  as  can  withstand  the  sifting  to  which 
other  years  of  inquiry  must  subject  them.  They  are  honest  views, 
gained  by  harder  and  more  extended  labor  than  any  one  else  has  yet 
bestowed  upon  the  same  ground.  They  now  appear  to  the  writer 
fairly  sustained  by  the  facts,  and  these  facts  do  not  now  seem  to  ad- 
rait  of  other  just  construction. 

Each  zone  near  its  median  line  (not  always  in  the  axis  of  form) 
has  a  ridge  which  usually  forms  a  secondary  water-shed,  not  neces- 
sarily continuous.  Through  this  "  hog- back  "  there  passes  a  large 
vein,  tougher  and  more  compact  than  its  compeers,  bearing  free  gold 
in  a  more  or  less  amorphous  quartz  gangue.  This  vein  is  vertical,  or 
nearly  so,  and  does  not  usually  contain  notable  quantities  of  ores  of 
silver  or  the  baser  metals  [pyrite  excepted,  perhaps).  The  general 
courses  of  these  fault-fissures  (parent-fissures)  are  shown  upon  Plate 
III.,  with  some  others  selected  for  their  close  connection  with  exist- 
ing drainage-routes.  The  productive  area  of  each  zone  is  also  ap- 
proximately shown,  with  the  barren  belts  alternating  with  them. 
The  parent-fissures  are  practically  vertical,  and  sometimes  more  than 
one  is  present  in  a  zone.  Upon  each  side  of  this  mid-rib,  the  veins 
tend  to  dip  towards  it,  though  often  this  feature  would  not  be 
discerned  without  careful  scrutiny.  These  associated  veins  run  ^ 
parallelwise  with  the  central  auriferous  lode,  but  with  a  converging 
tendency  towards  the  intersecting  point  of  the  three  main  trends. 

There  is  another  series  of  veins,  or  there  may  be  more  than  one  set. 
I  have  elsewhere  denominated  the  earlier  group  in  each  zox\q primary , 
and  the  later  members  secondary .*^  As  these  terms  are  now  needed 
to  distinguish  between  veins  of  different  modes  of  formation,  it  will 
be  better  to  adopt  a  different  terminology  to  designate  mere  differ- 
ences in  age  or  trend.  Placing  together  all  those  veins  in  a  given 
zone,  which  are  alike  in  trend  and  in  relative  age,  as  compared  with 
those  which  fault  them  or  are  faulted  by  them,  we  may  place  the 
oldest  members  in  the  division  of  Pioneer  lodes,  making  all  which 
are  younger,  as  shown  by  dislocations  of  their  forerunners,  come  into 
what  may  be  called  the  Subsequent  group,  and,  if  a  third  division  be 
required,  its  representatives  may  be  styled  Tertian  veins.  The  num- 
ber of  series  of  this  character,  which  any  district  will  exhibit,  must 

*  The  reader  will  please  note,  as  explained  beyond,  that  tliese  terms  are  no  longer 
used  by  me  in  the  sense  in  whicii  tiiey  were  applied  in  1882,  in  my  "Notes  on  the 
Geology  and  Mineralogy  of  San  Juan  County,"  IVansaclions,  xi.,  165. 
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depend  wholly  upon  the  number  of  epochs  of  vein-formation  from 
ditlerent  centers.  Usually,  this  has  been  dependent,  also,  upon  the 
number  of  successive  disturbances,  for,  notwithstanding  the  conclu- 
sions of  Emmons  and  Becker,  it  is  a  fact  that  our  veins  do,  for  the 
most  part,  occupy  lines  of  faulting  of  the  strata  which  they  pene- 
trate. 

In  the  San  Juan  Central  area,  the  Pioneer  veins  are  undoubtedly 
those  which  have  been  described  as  the  parent-fissures  of  the  mineral 
zones.  But  these  are  not  the  only  deposits  which  must  be  included 
here.  These  are  the  Pnmary  (or  original)  veins  of  the  group,  but  the 
other  longitudinal  veins  of  the  same  zone  are,  from  present  appear- 
ances, to  be  classed  along  with  them  as  the  Secondary  or  Derived 
class.  Still  another  division  of  the  Pioneer  group  is  made  up  of 
members  which  follow  courses  crossing  the  main  secondary  veins. 
Thev  are  commonly  of  inferior  size,  of  uncertain  continuity,  but 
numerous,  and  occasionally  of  exceptional  quality.  Abundant  near 
the  middle  of  the  zone,  they  are  sometimes  absent  near  the  edges,  at 
other  times  quite  generally  distributed.  Invariably,  their  junction 
with  the  Primary  and  Secondary  veins  of  the  same  group  is  easy  and 
without  dislocation.  These  are  Lateral  veins  (the  cross-primary 
series  of  a  former  paper). 

Subsequent  veins  in  this  tract  have  broken  the  Pioneers  in  many 
places,  causing,  or  themselves  caused  by,  movements  in  the  strata, 
which  have  sometimes  separated  considerably  the  divided  portions 
of  the  Secondaries.  The  Primary  veins  are  very  rarely  dislocated 
by  these  later  fractures  enough  to  seriously  affect  the  continuity  of 
the  deposits.  Inmost  cases  the  prominent  veins  of  this  series  do 
not  extend  very  far  into  the  zone  in  the  region  of  the  apex.  They 
are  confined  chiefly  to  circular  areas  at  the  outer  edges  of  the  zones, 
with  commonly  only  one  minor  zone  of  this  nature  for  each  Primary 
zone.  The  Subsequent  veins,  generally,  converge  more  rapidly  than 
the  Secondary  Pioneers,  but  the  focus  of  the  trends  is  at  some  point 
near  the  line  of  the  Primary  fissure  vein.  At  all  the  points  thus 
determined  for  the  different  zones,  there  are  indications  of  local  cra- 
ters or  of  the  manifestations  upon  a  smaller  scale  of  phenomena  akin 
to  the  action  in  the  Red  Mountain  crater  at  an  earlier  period.  I 
think  the  veins  of  this  series  date  from  the  cessation  of  the  basaltic 
eruptions  and  that  we  have  in  these  local  craters  the  positions  from 
which  the  latest  flows  were  ejected. 

There  are  often  very  marked  differences  in  the  character  of  the 
ores  at  different  points  along  the  courses  of  the  veins.     Generally 

VOL.  XV. — 17 
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speaking,  there  is  greater  uniformity,  but  also  greater  complexity,  in 
the  central  portion  of  the  area,  although  the  unity  is  rather  one  of 
type  than  of  individual  application.  There  is  undoubtedly  a  very 
close  connection  between  the  character  of  the  vein-fillings  and  that 
of  the  "country,"  particularly  when  we  include  the  deeper  portions 
of  the  environment  of  the  lodes.  The  farther  we  go  from  the  Red 
Mountain  crater  the  less  we  observe  the  composition  which  marks 
the  Summit  class  of  conditions.  The  variations  of  general  character 
are  most  noticeable  in  passing  from  rhyolite  to  trachyte  or  from 
andesite  to  trachyte,  but  all  my  own  observations  tend  to  convince 
me  that  this  is  due,  not  to  different  degrees  of  impregnation  of  these 
species  by  the  metallic  ingredients,  but  to  different  reactions  of  the 
several  kinds  of  volcanic  material  upon  the  infiltrating  solutions. 
Pyrite,  magnetite,  and  some  other  minerals  contained  in  the  lavas 
have  no  doubt  had  much  influence,  but  I  do  not  find  such  changes 
in  the  veins  in  different  "country,"  as  would  be  expected  if  the  ores 
had  been  locally  segregated.  The  more  mineralized  rock  usually 
carries  more  complex  ores  and  a  larger  variety,  but  the  percentages 
of  gold,  silver,  and  lead  are  more  frequently  diminished  than  in- 
creased, while  iron  (and  sometimes  copper)  is  largely  increased.* 
Arsenic,  antimony,  bismuth,  molybdenum,  etc.,  occur  in  the  trachyte 
as  well  as  the  rhyolite,  but  in  the  former  they  exist  almost  always  as 
simple  sulphides  or  mixtures,  while  in  the  latter  they  are  usually  in 
complex  forms  like  the  sulph-arsenides,  sulph-arseno-antimonides, 
and  similar  compounds. 

It  is  extremely  difficult  in  a  paper  of  this  character  to  choose  the 
happy  medium  between  prolixity  and  the  statement  of  conclusions 
without  adequate  illustration.  The  facts  are  abundant  enough,  but 
their  recital  here  in  full  would  necessitate  the  undue  prolongation 
of  this  essay.  On  the  other  hand,  the  temptation  is  very  strong  at 
every  point  to  put  the  reader  into  possession  of  the  material  upon 
which  this  study  is  based.  I  am  compelled,  however,  to  stop  at  the 
threshold  of  the  vast  field  of  the  physics  and  chemistry  of  the  min- 
eral veins.  In  a  weak  way  a  beginning  has  been  made,t  ^"d  later 
research  has  develo|)ed  many  remarkably  interesting  results,  but  it 
is  unsafe  to  generalize  freely  in   such    matters  without  subjecting 

*  Such  exceptions  as  are  worthy  of  special  remark  are  almost  invariably  due  to 
8on>e  peculiarly  local  action  wliich  lias  {)ro<luced  impoverishment  of  one  portion  for 
the  benefit  of  another,  or  wliich  has  accumulated  a  limited  deposit  under  abnormal 
conditions. 

t  Papers  previously  quoted,  Eng.  and  Min,  Jour.,  1885,  vol.  xxxviii. 


GEOI,0GY  AND  VEIN-STKUt^URE  OF  SOUTIIWESTERX  CX)LORAD0.    259 

every  fact  to  the  crucial  tests  of  carefully  arranged  laboratory  ex- 
periments. In  some  measure  I  have  applied  this  method,  but  not 
in  such  a  connei'ted  and  well-digested  manner  as  to  make  the  results 
in  any  direction  exhaustive.  Reserving  a  few  simple  deductions  for 
the  summary  of  the  vein-history,  and  referring  the  reader  to  my 
former  papei's  for  a  considerable  array  of  the  facts,  it  need  here  only 
be  remarked  in  addition  that  the  surface-evidences  of  the  original 
filling  of  the  principal  veins  have  been  almost  wholly  obliterated. 
Very  abundant  indications  of  the  former  presence  of  hot  springs 
owur  in  many  localities,  but  as  far  as  known,  these  seem  rather  to 
have  been  connected  with  post-glacial  secondary  deposits  from  pre- 
existing veins  which  had  been  formed  at  the  close  of  the  Tei'tiary. 
However,  there  is  much  reason  to  believe  that  the  greater  portion 
of  the  fissure-veins  were  produced  by  hot  springs  or  by  sublimation, 
probably  by  both  means.*  Some  of  the  data  upon  which  this 
oj)inion  is  founded  iiave  been  detailed  by  the  writer  in  previous 
publications. 

5.    The  Red  Mountain  District . 

The  rhyolitic  outbreak,  or  at  least  one  phase  of  it,  culminated  in 
an  oblong  crater  extending  X.E,  and  S.W.  nearly  in  a  line  with  the 
andesiticand  trachytic  eruptions  and  between  the  two.  The  raining 
district  of  the  same  name  lies  in  the  immediate  vicinity  of  this  crater. 
While  it  is  a  remarkably  interesting  region  to  the  geologist  and  the 
raining  engineer,  it  is  not  one  which  can  be  satisfactorily  studied 
from  structural  considerations.  In  all  the  other  districts,  aside  from 
particular  limited  areas,  there  is  not  great  difficulty  in  laying  out 
mining  work  intelligently  from  the  outset,  for  it  is  quite  possible  to 
plot  the  excavations  in  advance  from  instrumental  surveys.  In  the 
Red  Mountain  area,  however,  this  is  commonly  impossible.  The 
deposits  are  not  in  well-defined  linear  crevices,  but  they  occupy  ir- 
regular cavities,  apparently  related  in  some  general  manner  (as  along 
a  X.E. — S.W.  trend)  to  deep-seated  fissures.  The  vein-stuff  is  far 
from  uniform,  and  it  is  usually  of  the  most  complex  character. 
Almost  all  known  mixtures  of  the  sulphides,  arsenides  and  anti- 
raonides  of  iron,  lead,  copper,  and  zinc  are  found  mingled  indis- 
criminately with  varying  percentages  of  the  precious  metals."}" 

*  The  theory  of  sublimation  appears  to  me  more  rationally  accordant  with  the 
facts,  as  far  as  the  earlier  veins  are  concerned. 

t  One  who  has  liad  much  to  do  with  these  ores,  if  he  has  g;iven  them  consider- 
able study  in  the  laboratory,  soon  gets  glimpses  of  an  apparent  system  in  the  dis- 
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The  district  is  peculiarly  the  area  of  secondary  action,  the  locus 
par  excellence  of  the  hot  springs.  Either  this  section  was  well  ])ro- 
tected  during  the  Glacial  Period  or  the  ore-deposits  which  have 
made  the  district  famous  are  of  post-Glacial  date.  There  is  every 
reason  to  adopt  the  latter  view,  and  this  will  explain  much  of  what 
would  otherwise  seem  puzzling  in  the  present  drainage.  It  would 
be  presumptuous  for  me  to  controvert  Messrs.  Becker  and  Emmons 
upon  their  own  ground,  but  I  strongly  suspect  that  they  have  worked 
too  much  in  fields  where  only  the  latest  phases  of  vein-formation  are 
well  expressed.  I  have  now  examined  nearly  every  prominent 
mining  district  between  latitude  37°  N.  and  latitude  49°  N.,  east  of 
the  meridian  of  112°.  In  all  that  territory  I  have  had  no  evidence 
of  the  local  segregation  of  ore-deposits  where  one  of  the  prime  con- 
ditions was  not  the  prior  existence  of  a  vein  or  other  special  deposit 
containing  the  metal.  Every  requisite  except  this  has  existed  in 
many  places  in  the  West,  in  our  district  as  well  as  northward,  yet 
there  are  numerous  instances  in  which  no  such  deposits  were  formed. 
All  over  the  Central  San  Juan  area  there  are  the  relics  of  hot  springs, 
some  of  which  are  active  to-day.  In  not  a  few  of  these,  but  always 
where  veins  occur,  ore-masses  have  been  segregated,  but  many  of  them 
which  traversed  the  same  country-rock  at  the  same  period  have  left 
no  metalliferous  deposits  except  the  iron  oxide  which  is  almost  uni- 
versal. 

Along  the  line  of  the  axes  of  the  Arsenical  and  Antimonial  zones 
previously  mentioned,  for  the  distance  of  fifteen  miles,  Red  Peak 
lying  about  midway,  the  hot  spring  formations  are  abundantly  ex- 
posed. The  area  of  greatest  activity  was  in  what  is  now  the  Red 
Mountain  mining  district.  For  about  three  miles  along  the  upper 
end  of  Red  Creek,  a  belt  not  more  than  three  miles  in  extreme  width, 
but  extending  across  the  divide  towards  Cement  Creek,  thence  south 
along  the  Red  Mountains  to  the  junction  of  North  Mineral  and 
South  Mineral  creeks  and  beyond,  there  is  a  belt  of  extinct  hot  springs 
which  rivaled  those  now  existing  in  the  Yellowstone  Park.  The  ore- 
deposits  in  the  heart  of  this  mining  district  are  commonly  in  moinids 
or  ridges  of  siliceous  sinter,  and  very  many  of  them  are  extinct  geyser- 
chimneys.  No  one  can  rightly  interpret  the  structure  of  this  area 
without  some  familiarity  with  such  phenomena  as  are  to  be  witnessed 
to-day  in  the  Park. 

tribution  of  certain  combinations;  with  all  the  diversity  there  are  evidences  of  the 
influence  of  local  environment  which  are  very  striking.  Yet  in  the  midst  of  it  all 
certain  dominant  features  are  clearly  expressed. 
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The  ores  are  by  no  means  such  as  could  be  readily  obtained  from 
the  adjacent  rocks,  nor  were  the  hot  sj^rings  confined  to  one  member 
of  the  volcanic  series  in  aggregations  of  the  same  kind.  It  is  true 
that  the  rhyolitic  exposures  show  different  alterations  usually  from 
what  are  found  in  the  hot  spring  deposits  in  the  trachyte,  but  there 
is  not  a  corresponding  dit!crence  in  the  percentage  of  the  precious 
metals,  while  there  are  excellent  veins  in  rhyolite  which  have  not 
been  subjected  to  this  recent  thermaqueous  action.  Here  we  must 
leave  the  subject  although  it  is  one  of  the  most  profitable  topics  we 
ci^uld  discuss.  In  this  small  area  are  locked  more  secrets  connected 
with  the  alterations  of  the  Tertiary  veins  than  can  be  solved  in 
many  lifetimes,  and  fortunate  indeed  will  he  be  who  has  the  best 
opportunity  to  investigate  here.  Although  the  writer  has  collected 
very  many  interesting  facts,  which  might  safely  be  noted  in  this 
place,  lack  of  space  compels  their  reservation  until  a  more  convenient 
occasion. 

The  American  Belle,  Grand  Prize,  and  other  mines  are  in  gigantic 
geyser  mounds;  the  Yankee  Girl,  Guston,  Congress,  etc.,  appear  to 
occupy  the  bowls  of  non-sintering  springs,  and  numerous  other 
properties  show  direct  relations  to  the  elevations  and  depressions 
which  give  that  peculiar  aspect  to  the  region  which  is  indescribable, 
but  which  would  be  recognized  at  once  by  any  careful  observer  who 
had  ever  visited  a  similar  tract  of  modern  origin. 

6.   Outlying  Areas. 

It  has  been  remarked  that  a  series  of  veins  occurs,  which  is  made 
up  of  separate  sets  emanating  from  craters  or  centers  perched  upon 
the  parent  fissures  of  the  six  zones  of  the  Central  San  Juan  area. 
There  may  be  some  doubt  as  to  the  validity  of  this  class,  but  the 
provisional  adoption  of  this  view  is  not  mere  hypothesis.  There 
are  certainly  such  groups  of  veins  in  this  geographical  relation  with 
the  zonal  axes,  and  they  do  show  a  tendency  to  converge  towards 
some  prominent  peak  in  each  case.  So  far  as  the  structural  facts 
give  any  evidence  they  rather  support  the  idea  of  intimate  geological 
relations  also,  and  there  is  no  doubt  that  these  veins  are  among  the 
latest  in  the  outer  edges  of  the  district.  The  Suggestion  that  they 
represent  a  period  subsequent  to  the  basaltic  eruptions  lacks  full 
confirmation,  though  the  writer  has  observed  no  contradiction  of  it 
in  any  locality. 

If  the  notion  be  correct,  the  foci  of  these  vein  systems  are  to  be 
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sought  (1),  in  the  neighborhood  of  Engineer  mountain;*  (2), 
near  Handie's  Peak  ;  (3),  on  the  Continental  Divide  south  of  Cun- 
ningham Pass;  (4),  near  a  high  point  (Lost  Peak)  dividing  the 
Dolores  River  drainage  from  that  of  the  Animas  River  at  the  head 
of  Cascade  Creek ;  (5),  Glacier  Peak,  a  well-known  landmark  south- 
west of  Ames;  and  (6),  a  point  in  the  vicinity  of  Mount  Sneffels. 

At  all  these  places  there  are  evidences  of  ejections  later  than  those 
which  have  produced  the  lavas  penetrated  by  the  Pioneer  veins 
heretofore  mentioned,  and  in  all  of  them  the  limited  flows  are  basic 
as  far  as  my  knowledge  goes. 

7.  Needle  Mountains. 

In  the  region  of  the  metamorphic  exposures  there  are  some  very 
prominent  veins,  following  approximately  the  trend  of  the  anti- 
clinal. Associated  with  them  are  other  lodes  bearing  east- west,  or 
in  a  direction  transverse  to  the  primary  folds.  They  are  interesting 
as  affording  good  examples  of  the  type  of  vein-structure  which  we 
meet  in  the  granitic  regions  of  other  parts  of  the  Rocky  mountains. 
Without  stopping  to  describe  them  in  detail,  one  very  remj^rkable 
feature  must  not  be  overlooked.  Almost  every  good  exposure  of 
the  metamorphic  series  covered  by  lava-flows  shows  veins  which 
penetrate  the  overlying  volcanic  masses  together  with  those  which 
do  not  extend  above  the  junction  of  the  two  groups.  This  shows 
clearly  that  one  class  was  formed  prior  to  the  ejection  of  the  lavas 
and  the  other  class  after  that  period.  Now,  as  bearing  upon  the  sub- 
ject of  the  source  of  the  vein-stuff,  it  is  very  important  to  observe 
the  character  of  the  two  kinds  of  lodes  below  the  line  of  lava  contact, 
side  by  side  within  the  metamorphic  zone.  If  here  they  are  identical, 
while  the  veins  traversing  the  volcanic  zone  are  changed  above, 
we  may  be  very  sure  that  the  source  of  the  change  is  wholly 
within  the  lava  beds,  although  this  may  still  be  the  result  of  second- 
ary causes  which  have  not  drawn  supplies  of  the  precious  metals 
from  the  wall-rock,  as  Emmons  supposes.  But,  if  the  pre-vohanic 
veins  are  unlike  the  post-volcanic  members  even  within  the  metamor- 
phic zone  with  no  particular  change  in  the  latter  class  above,  we  may 
rightly  conclude  that  they  are  of  deep-seated  origin,  and  that  the 

*  The  maps  of  Hayden  and  Wheeler  give  this  name  to  a  peak  southwest  of  Sil- 
verton  not  far  from  the  Lost  Peak  of  my  series  of  papers.  This  designation  is 
never  locally  used,  but  the  name  is  very  firmly  fixed  for  the  elevated  ridge  lying 
between  the  San  Juan  and  Gunnison  head-waters  nortiieast  of  Mineral  Point, 
at  the  corners  of  San  Juan,  Ouray  and  Hinsdale  Counties. 
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vein-stuff  has  not  been  segregated  from  the  plutonicor  ejected  igneous 
zone. 

The  nietamorphic  grouj)  ot"  the  Needle  niounttiiiis  affords  just  the 
place  to  study  this  subject,  and  the  evidence  is  strongly  in  favor  of 
the  last-naaie<.l  condition.  Near  the  edge  of  the  outcrop  westward 
some  of  the  veins  in  the  granite  are  just  like  their  neighbors  in  the 
volcanic  exposure,  except  that  the  latter  contain  more  iron  and  the 
former  are  even  richer  in  the  precious  metals.  Within  the  heart  of 
the  quartzite  belt  the  veins  are  usually  different  from  those  of  the 
volcanic  region  to  the  west  and,  as  noted  above,  of  different  trends. 
The  east-west  course  has,  practically,  the  same  vein-stuff  as  the  longi- 
tudinal trend.* 

Beyond  the  Quartzite  mountains  eastward  the  veins  do  not  pene- 
trate the  overlying  trachyte,  although  the  same  lava  series,  just 
across  the  ridge,  is  thickly  studded  with  them.  This  seems  to  indi- 
cate that  the  early  faults  blocked  out  the  dividing  line  already 
noticed  between  the  two  areas. 

IV.  CONCLUSIONS  CONCERNING  VEIN  FORMATION. 

Let  us  now  go  rapidly  over  the  field  again  and  consider  what 
deductions  may  fairly  be  drawn  from  the  preceding,  with  respect  to 
the  sources  and  methods  of  deposition  of  the  mineral  veins  and  the 
order  of  their  genesis.  Restricting  this  review  to  the  tract  included 
by  the  geological  map,  we  have  cumulative  evidence  of  internal 
pressure  of  some  kind  existing  at  a  period  at  least  as  early  as  the 
close  of  the  Carboniferous  Age.  This  gradually  increased,  until  at 
the  close  of  the  Cretaceous  it  had  produced  a  series  of  longitudinal 
folds  trending  about  N,  18°  E.,  and  covering  nearly  the  whole 
width  of  our  district.  Then  came  the  andesitic  outflows  in  the  south- 
west and  southeast,  along  the  flanks  of  the  folded  area.  Northward 
the  land  was  rising  along  the  anticlines  so  that  the  propylite  and 
andesite  did  not  travel  far  in  that  direction,  except,  perhaps,  along 
the  synclinal  troughs  adjacent  to  the  ejection  fissures. 

There  is  reason  to  believe  that,  during  and  after  this  fundamental 
eruption,  aseriesoffiults  occurred,  trending  nearly  along  theaxes  of  the 
folds.  In  these  were,  doubtless,  deposited  the  veins  of  the  La  Plata 
Mountains  and  those  of  the  nietamorphic  area  which  do  not  extend 

*  I  was  at  first  of  the  opinion  that  our  veins  in  the  volcanics  are  but  the  diluted 
transfi)rmations  of  those  in  the  underlying  metamorphics  which  preceded  them,  but 
that  idea  is  now  fully  di.ssii)ated. 
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up  into  the  volcanici=.  About  the  same  time  the  R-ieo  veins  were 
probably  formed,  though  alterations  of  various  kinds,  chiefly  locab 
have  been  taking  place  in  these  areas,  as  elsewhere.  The  ultimate 
source  of  the  precious  metals,  I  believe,  has  been  the  "  ultra-basic  " 
material  from  a  great  depth  brought  up  by  agencies  which  will  be 
better  understood  when  all  the  facts  are  brought  together  and  studied 
in  the  laboratory. 

The  Summit  district  seems  to  have  been  of  later  origin,  but  the 
true  period  of  its  initial  stages  is  a  little  uncertain.  The  disturb- 
ances which  followed  the  deposition  of  the  veins  in  the  southwest 
had  little  more  effect  upon  that  region  itself  than  the  rending  of  the 
rocks  and  the  formation  afterward  of  a  second  set  of  veins  in  the 
fissures  thus  produced.  The  data  are  not  at  hand  for  describing  the 
distinctive  peculiarities  of  this  series  and  the  succeeding  ones  which 
may  have  resulted  from  the  filling  of  subsequent  fissures. 

The  Needle  mountains  and  other  portions  of  the  quartzite  group 
yielded  to  the  pressure  and  rose  to  a  great  height  after  the  andesite 
flows  and  the  transverse  folding  began.  Perhaps  the  release  of 
pressure  northward  caused  a  subsidence  near  Uncapahgre  Peak  and 
a  fracture  through  which  the  trachyte  was  poured  profusely  over  the 
wide  area  before  indicated.  At  this  juncture,  after  the  cooling  of 
the  lavas,  there  was  produced  the  fault  in  the  main  fold,  which 
marked  out  the  line  of  separation  above  mentioned.  A  similar  fault 
occurred  along  the  western  side  of  the  central  San  Juan  area,  leav- 
ing a  long  narrow  depressed  area.  Afterwards  the  rhyolitic  outburst 
in  the  Red  Mountain  region  produced  the  three  fault-systems  which 
there  intersect,  all  of  them  fracturing  the  trachyte  up  to  the  rim  of 
the  depressed  area.  Finally,  by  a  fault  nearly  coincident  with  the 
arseuical-antimonial  axis,  the  rhyolite  itself  was  fractured,  but  not 
in  such  a  way  as  to  open  a  free  escape-valve  from  the  zone  of  fusion 
below.  Hence,  in  the  Red  Mountain  district  we  have  the  extreme 
of  secondary  action  with  the  minimum  of  primary  ore-deposition. 
The  reason  for  the  selection  of  this  line  rather  than  another  is,  that 
it  was  the  course  of  the  rhyolitic  fissure  and  very  closely  that  of  the 
fault-line  nearest  in  the  path  of  the  former  eruptive  throes.  Red 
Peak  crater,  in  its  longer  diameter,  lies  in  a  line  with  the  andcsitic 
and  trachytic  vents.  The  two  other  zonal  trends  manifestly  were 
the  next  greater  lines  of  least  resistance,  for  the  axis  of  zones  2  (bis- 
muth) and  6  (argentiferous-galena)  is  almost  exactly  perpendicular 
to  the  main  fold-fault,  and  this  course  represents  the  obscured  posi- 
tion of  a  prominent  anticlinal  in  the  system  of  transverse  folds.    Of 
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this  fact  there  is  other  convincing  evidence.  Its  existence  was  almost 
the  tirst  conclusion  reached  by  me  in  my  geological  investigations  in 
this  section.  The  course  of  the  third  fracture,  which  is  less  regular 
than  the  others  (being  oblique  to  both  series  of  folds),  was  evidently 
determine«l  by  the  directive  action  of  the  other  two  lines,  which 
could  be  demonstrated  to  require  approximately  the  effect  attained. 

All  this  was  pre-Glacial,  except  the  last  stage  in  the  Red  Moun- 
tain belt,  which  was  recent.  Since  the  Glacial  Period,  however, 
much  faulting  has  occurred,  and  the  present  cafions  are  largely  due 
to  this  cause  added  to  subsequent  erosion.  The  details  are  extremely 
interesting,  but  it  would  ovei^step  the  bounds  of  this  writing  to  dis- 
cuss the  subject  here.  Very  much  may  be  learned  by  the  thoughtful 
study  of  the  ma|>s,  upon  which  have  been  gathered  such  data  as  will 
serve  to  illustrate  and  elucidate  the  foregoing  dissertation. 

Plate  I.  shows  the  relationship  of  our  limited  area  to  the  orography 
of  Colorado. 

Plate  II.*  gives  a  clearer  idea  of  the  structure  of  the  region  and 
of  the  adjacent  country  upon  the  east  and  west,  with  a  plan  of  the 
radiating  mineral  zones  of  the  Central  San  Juan  area. 

Plate  Ill.t  is  a  detailed  geological  map  of  the  whole  district,  in- 
tended to  exhibit  graphically  the  facts  which  have  formed  the  basis 
of  the  preceding  generalizations.  In  all  cases  the  deductions  have 
been  made  from  the  observed  facts,  and  no  plottings  have  been  made 
in  uncertain  cases  to  agree  with  preconceived  notions  of  the  author. 
In  one  instance,  however,  there  may  be  some  doubt  as  to  the  real 
area  of  outcrop ;  the  Andesitic  region  in  the  southeast  being  prob- 
ably more  complex  than  I  have  indicated.  Taking  this  map  as  it 
stands,  it  must  be  regarded  only  as  the  best  that  can  be  well  pre- 
paretl  without  a  most  careful  instrumental  survey,  and  it  may  serve 
a  useful  temporary  purpose  even  for  somewhat  minute  determina- 
tions, if  supplemented  by  local  studies. 

Plate  IV.  is  a  topographical  map,  based  upon  the  surveys  of 
"NVheeler  and  Hayden,  in  part,  but  embodying  many  features  of  the 
author's  own  work,  with  the  roads,  mines,  etc.,  brought  down  to 
date.  This  contains  numerous  details  which  could  not  be  placed 
upon  the  geological  map  without  undue  crowding. 

*  By  an  error  in  engraving,  overlooked  in  my  too  hasty  revision,  the  scale  of  this 
plate  is  printefl  as  1  in.  =  60  miles.     It  should  he  16  miles. 

t  In  this  plate,  the  trend  of  the  (correctly  drawn)  fissure-line  W.  of  Red  Peak  is 
marked  as  S.  70°  30^  W.     It  should  be  7G°  30^  as  given  on  page  255. 
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THE  IVES  PROCESS  OF  PHOTO-MECHANICAL  ENGRAVING 
AND  ITS  USEFULNESS  TO  ENGINEERS. 

BY  R.   W.  RAYMOND,  NEW  YORK  CITY. 

(Bethlehem  Meeting,  May,  1886.) 

The  various  modifications  of  the  art  of  photography  have  become 
within  the  last  few  years  the  indispensable  allies  of  every  art  and 
science.  But,  before  the  introduction  of  the  process  which  is  the 
subject  of  this  paper,  there  was,  so  far  as  I  am  aware,  no  satisfac- 
tory means  by  wliich  certain  photographic  negatives  could  be  made 
to  yield,  without  the  intervention  of  the  skilled  draughtsman,  elec- 
trotypes suitable  for  surface-printing.  I  refer  to  negatives  taken 
from  originals,  such  as  natural  objects,  photographs  or  lithographs, 
in  which  the  lights  and  shadows  are  not  represented  exclusively  by 
lines  and  dots,  such  as  can  be  photo-engraved. 

The  greater  usefulness  to  engineers  and  manufacturers  of  electro- 
types as  comparetl  with  lithographs  is  evident.  The  electrotypes 
can  be  kept  indefinitely  and  used  in  the  production  of  many  thou- 
sand copies.  They  can  be  duplicated  at  trifling  cost.  They  can  be 
placed  for  printing  together  with  the  "  forms  "  of  type,  or  included 
in  these,  upon  an  ordinary  press.  Finally,  they  are  cheap,  when 
made  mechanically  from  a  suitable  original.  Various  methods  have 
been  adopted  for  the  preparation  of  such  a  secondary  original  (as  it 
might  be  called)  in  cases  where  the  first  original  is  unsuitable  for 
photo-engraving. 

Thus,  for  instance,  portraits  have  been  produced  in  electrotype 
from  ordinary  photographs  as  follows: 

A  large  negative  is  made  of  the  original  (say  a  carte  de  visite  of  a 
person  deceased),  and  a  proof  taken,  but  not  "  fixed."  Over  this 
j)roof  a  skilled  artist  draws  the  portrait  with  a  pen,  producing  a  pic- 
ture which  resembles  a  line-engraving.  The  photographic  proof, 
which  has  served  merely  to  guide  the  artist,  is  now  obliterated,  and 
the  pen-and-ink  drawing  is  photo-engraved.  Electrotypes  thus  pro- 
duced often  retain  the  likeness  in  a  wonderful  degree,  and  give 
spirited  and  satisfactory  pictures.  T  may  instance,  as  examples, 
which  many  will  recollect,  the  portraits  of  our  deceased  members, 
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Gen.  Vinton  and  H.  R.  Worthington,  which  appeared  after  their 
death  in  the  Eugiueeriuff  and  Mininff  Journal. 

The  suceess  of  this  process  evidently  depends  npon  the  skill  of 
the  artist  in  preserving  the  likeness.  The  cost  of  such  an  electro- 
ty|»e  as  those  I  have  mentioned  is  about  $25. 

The  purpose  of  the  Ives  process  is  to  prepare  mechanically,  and 
therefore,  accurately  and  cheaply,  what  I  have  called  the  secondary 
original,  represcnte<l  in  the  above  instance  by  the  pen-and-ink  draw- 
ing. Bearing  in  mind  that  the  problem  is,  to  obtain  from  an  origi- 
nal having  smooth  shades  a  copy  in  which  these  shades  have  been 
translated  into  lines  or  dots,  like  a  line-  or  stipple-engraving,  we 
cannot  but  admire  the  simplicity  and  ingenuity  with  which  this  end 
is  effected. 

The  proce&s  is  described  in  two  United  States  patents,  No.  237,664, 
dated  February  8th,  1881,  and  No.  24r),501,  dated  August  9th, 
1881,  both  issued  to  Frederick  E.  Ives,  of  Philadelphia.  The  prin- 
ciple is  the  same  in  both;  and  the  improvement  described  in  the 
later  patent  will  be  pointed  out  presently. 

The  perfected  process,  as  now  practiced,  beginning  with  the  photo- 
graphic negative,  comprises  the  following  steps: 

1.  A  gelatine  film  sensitized  with  bichromate  of  potash,  is  exposed 
to  light  under  an  ordinary  photographic  negative.  It  is  then  placed 
in  cold  water,  which  swells  it  into  relief,  highest  where  the  negative 
was  most  opaque. 

2.  A  cast  in  plaster  is  then  taken  from  this  wet  gelatine  relief. 
The  surface  of  the  cast  is  uniformly  white,  but  is  high  where  the 
picture  should  be  black,  and  low  where  it  should  be  white,  with 
every  gradation  between. 

3.  An  elastic  stamp  of  V'Shaped  lines  or  dots  is  inked  and  pressed 
against  the  relief  until  the  flattening  of  the  lines  or  dots  causes  thera 
to  make  an  even  black  impression  on  the  highest  parts.  The  ink 
dots  are  then  very  minute  on  the  low  parts  of  the  relief,  increasing 
in  size  on  the  higher  parts,  until  they  meet  to  produce  the  even  black 
impression  on  the  highest  parts. 

4.  Relief  printing-plates  are  made  from  the  ink-stipple  picture  by 
transferring  it  directly  to  zinc  and  etching  into  relief  by  the  chemi- 
graphic  method. 

The  first,  second,  and  fourth  of  these  steps  are  not  new.  The 
object  of  the  first  and  second  is  simply  to  obtain  a  relief-plate  of  the 
same  character  as  that  employed  for  the  "  Woodburytype,"  namely, 
a  relief  in  which  the  lights  and  shades  of  the  original  are  represented 
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by  variations  in  altitude:  a  reverse  of  the  gelatine  relief.  Any  other 
method  for  making  this  relief  might  be  employed  ;  but  probably  the 
one  above  described  is  the  quickest  and  cheapest.  The  fourth  step 
also  may  be  replaced  by  any  other  method  of  photo-engraving.  It 
is  the  third  step  which  constitutes  the  essence  and  the  novelty  of  this 
process,  namely,  the  prej)aration  of  the  secondary  original. 

The  difference  between  the  first  and  the  second  patent  above  cited, 
is  in  the  material  of  the  "elastic  stamp."  In  the  first  patent  this 
was  proposed  to  be  made  of  paper,  corrugated  in  lines,  or  pressed 
into  raised  dots.  The  second  patent  substitutes  "printers'  roller 
composition  or  equivalent  elastic  composition." 

Imagine  a  sheet  of  such  material,  impressed  or  engraved  with  two 
sets  of  equidistant  parallel  and  similar  \/-shaped  troughs  at  right 
angles  to  each  other, — the  troughs  of  each  set  being  so  close  together 
as  to  cut  away  nearly  all  the  original  surface.  Obviously  all  that  is 
left  of  the  original  surface  is  a  great  number  of  points,  which  are  the 
apexes  of  adjacent  tetragonal  pyramids,  and  are  regularly  placed  in 
equidistant  rows.  These  tips  receive  the  ink,  and  impart  it  to  the 
white  relief-plate  formed  by  the  second  step.  This  operation  is  per- 
formed in  a  simple,  ordinary  press,  on  the  bed  of  which  the  relief  is 
placed,  and  the  inked  sheet,  held  in  a  folding  frame,  is  shut  down 
and  pressed  upon  it.  Experience  has  determined  the  proper  relation 
between  the  fineness  and  de{)th  of  the  stippling  on  the  stamp,  and 
the  materials  employed,  and  also  the  degree  of  pressure  to  be  applied. 
Of  course  too  great  a  pressure  would  tend  to  blur  the  result,  by  flat- 
tening the  inked  pyramids  against  the  relief.  From  inspection  of 
numerous  samples  from  this  process,  I  infer  that  the  pressure  applied 
is  just  enough  to  make  the  points  of  the  pyramids  touch  the  bottom 
of  the  deepest  depressions  in  the  relief.  This  inference  is  based  on 
the  circumstance  that  I  have  never  found  in  "  Ives"  prints  any  spots 
absolutely  white  or  free  from  stippling, — that  is,  I  have  never  seen 
such  a  print  in  which  the  points  of  any  of  the  inked  pyramids  of  the 
elastic  stamp  were  not  represented.  The  resultant  effect  in  the  prints 
themselves  is  a  soft,  gray  "tone,"  which  is  very  agreeable. 

On  the  other  hand,  the  proportions  of  the  relief  and  of  the  stipple- 
stamp  are  so  calculated  that  the  pressure  which  causes  the  tips  of  the 
pyramids  to  barely  touch  the  bottoms  of  the  depressions  is  sufficient 
on  the  tops  of  the  highest  elevations  of  the  relief  to  flatten  these  tips 
until,  approaching  one  another,  they  print  upon  the  plaster  a  con- 
tinuous black  shade.  It  should  be  noted  also  that  the  regular 
distance  between  these  tips,  which  is  thus  diminished  by  pressure 
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upon  the  elevations,  is  more  or  less  increaseil  by  the  same  pressure 
over  the  depressions  in  tJie  underlying  relief,  so  that  the  dots  left  in 
thesse  depressions  are  not  only  small,  but  further  apart  than  the 
regular  distance. 

It  is,  indeed,  surprising  to  see  with  what  delicate  fidelity  this  sim- 
ple device  adjusts  itself  to  any  inequality  of  the  relief-surface,  a 
fidelity  ct)mparable  only  with  that  of  the  gelatin-film  itself,  from 
which  the  relief  is  obtaineil.  When  the  elastic  sheet  is  removed,  a 
picture  in  stipple  is  left  upon  the  plaster  representing  with  astonish- 
ing accuracy  every  shade  of  the  first  original,  and  this  second  original 
now  becomes  the  subject  of  further  photo-engraving.* 

Volume  XIV.  of  the  Transactions  contains  several  specimens  of 
the  work  done  by  this  process.  In  Mr.  Garrison's  papers  (xiv.,  66, 
67,  70,  71,  73,  916,  917)  the  illustrations  showing  microscopic  struc- 
ture of  iron  and  steel  are  Ives  electrotypes.  While  they  are  not  as 
beautifully  clear  as  the  slides  themselves,  seen  under  the  micro- 
scope, they  compare  very  favorably  with  the  photographs  from  which 
they  were  made,  and  even  with  the  far  more  costly  heliotypes,  such 
as  may  be  found  in  the  liepori  of  the  United  States  Testing  Board. 

In  Mr.  Lehman's  paper  (xiv.,  439)  there  is  a  less  successful  piece 
of  work.  The  heliotype  of  this  picture,  by  Gutekunst,  of  Philadel- 
phia, is  clearly  superior.  But  in  this  case  an  excessive  reduction 
was  required,  because  the  Crosscup  &  West  Company,  of  Philadel- 
phia, which  oj)erates  the  Ives  process,  was  not  prepared  to  make 
plates  beyond  a  certain  size,  and  the  test  of  this  reduction  was  un- 
reasonably severe.  Yet  the  result  is  good  enough  for  practical  uses, 
if  not  equal  to  the  highest  artistic  work,  and  the  cost  was  less  than 
one-fifth  what  it  would  have  been  by  the  heliotype  process  for  the 
edition  required,  while — a  most  important  advantage — the  Ives 
plate  is  still  on  hand,  and  can  be  duplicated  or  used  again  indefi- 
nitely. The  same  is  true  of  the  plate  illustrating  Mr.  Lehman's 
model  of  the  Cornwall  iron  mine  (xiv.,  874)  and  the  figure  showing 
the  model  of  the  Tilly  Foster  ore-body,  in  Mr.  Ruttman's  paper, 
read  at  the  Bethlehem  meeting. 

The  usefulness  of  this  process  for  such  publications  as  the  Trans- 
actions is  Very  clear.  For  line  drawings  we  usually  employ  the  so- 
called  "  wax  proceas."     The  original  is  tran.sferred  (by  photography, 

*  In  this  descriplion,  I  have  said  nothing  of  the  use  of  an  ela.slic  stamp  engraved 
or  impres>'ed  with  parallel  lines  only — not  with  crossed  lines.  Tiiis  is  included  in 
the  patent-sjjecifications ;  but  I  do  not  know  iliat  it  luis  been  successful  in  practice. 
So  far  as  I  am  aware,  the  stip[)le-stainp  is  exclusively  employed. 
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if  reduction  of  scale  is  required)  to  a  surface  consisting  of  a  thin 
layer  of  wax  on  a  polished  copper  plate,  and  redrawn  with  a  stylus 
in  the  wax,  after  which  an  electrotype  is  taken  from  the  wax  in- 
taglio. This  process  involves,  it  is  true,  the  labor  of  redrawing  the 
original ;  but  that  may  be  regarded  as  an  advantage,  since  it  secures 
a  desirable  uniformity  in  the  style  of  the  plates  of  our  TransncflonSy 
and,  indeed,  but  few  of  the  original  drawings  that  come  to  the  Sec- 
retary are  so  well  executed  that  they  could  be  photo-engraved 
directly.  Moreover,  the  wax  process  permits  reduction  of  scale 
much  better  than  photo-engraving  or  photo-lithography.  Many 
drawings  could  be  reduced  in  scale  without  injury  to  the  essen- 
tial details,  but  they  are  so  made  that  the  unessential  details,  or, 
rather,  the  details  which  are  independent  of  scale,  such  as  the 
hachure,  the  thick  and  thin  lines,  and  the  lettering,  will  not  bear 
reduction.  When  such  drawings  are  reduced  by  photographing  on 
the  wax  surface,  all  such  details  can  be  redrawn  without  reference 
to  scale.  Shades  in  parallel  lines  are  put  in  with  a  ruling-machine; 
lettering  is  put  in  by  pressing  type  into  the  wax.  Corrections  can 
be  made  in  the  wax  with  great  facility.  A  hot  iron  is  held  over  the 
error  and  it  disappears,  leaving  a  smooth,  new  surface  for  the  cor- 
rection. Finally,  the  electrotypes  taken  from  the  wax  are  excep- 
tionally well  defined.  The  lines,  having  been  drawn  down  to  the 
copper  plate,  are  all  deep,  and  equally  deep  ;  and  conversely,  the 
depressions  on  the  electrotype  are  deep  and  equal.  Such  electro- 
types are  especially  adapted  for  the  rapid  printing  of  large  editions. 
They  are  superior  in  this  particular  to  those  produced  by  the  various 
photo-engraving  processes  (zinco-types,  etc.),  among  which  the  Ives 
plates  must  be  included.  These  need  careful  presswork,  and  may 
even  require  special  paper  and  hand-printing.  The  excellence  of 
Mr.  Garrison's  illustrations  in  Volume  XIV.,  already  mentioned, 
is  very  creditable  to  the  printers  of  the  Institute. 

The  cost  of  the  wax  process  for  simple  line  work  is  not  greater 
than  that  of  the  Ives  process  for  its  special  class  of  work.  Neither 
process  can  take  the  place  of  the  other.  Together  they  cover  nearly 
all  the  needs  of  engineers  and  engineering  publishers  where  colors 
are  not  required.  Simple  ])hoto-engraving  from  line  or  stipple 
originals  is  cheaper  than  the  wax  process  and  may  be  used  when  the 
originals  are  very  finely  and  suitably  executed.  Wood-engraving, 
which  is  dearer  than  either,  is  nearly  superseded  for  such  purposes. 
Even  in  the  realm  of  higher  art  it  is  hard  pressed  by  the  various 
mechanical  processes.     Harpers'  Monthly  and  the  Century  have  pub- 


THE  IVES   PROCESS   OF   PHOTO-MECHANICAL.   ENGRAVING.      271 

Hshe<1  manv  Ives  plates  of  wonderful  delicacy  and  beauty,  and,  a 
couple  of  years  ago,  when  this  process  was  comparatively  unknown, 
Mr.  Clarem^  Cook,  a  leailing  art  critic  of  New  York,  got  himself 
into  a  ludicrous  embarrassment  by  praising  the  engraver  of  a  certain 
picture  in  one  of  the  illustrated  books  of  the  Harpers,  calling  him 
by  name,  recognizing  his  skilful  touch,  and  the  thought  and  feeling 
which  he  conferral  in  the  block  upon  the  otherwise  inferior  work 
of  the  artist — when  it  turned  out  that  the  block  was  an  Ives  elec- 
troty|>e,  and  consequently  a  purely  mechanical  reproduction  of  the 
artist's  sketch,  without  the  intervention  of  the  great  engraver  or  of 
any  other.* 

It  is  not  the  purpose  of  this  paper  to  enter  into  a  detailed  discus- 
sion of  the  technique  of  the  Ives  process,  for  which  neither  the 
present  place  is  appropriate  nor  the  present  writer  competent.  But 
many  members  of  the  Institute,  being  amateur  photographers,  might 
be  glad  to  know  where  they  can  find  such  discussions.  For  their 
benefit  I  append  the  following  references  to  articles  on  the  subject: 

The  Philadelphia  Photographer:  March,  1881,  p.  89  ;  June,  1881, 
pp.  188,  192;  August,  1881,  p.  253;  September,  1881,  p.  283; 
October,  1881,  p.  319;  November,  1881,  p.  327;  December,  1881, 
p.  381  ;  December,  1881,  p.  388  ;  December,  1882,  p.  384  ;  August, 
1884,  p.  256;  November,  1884,  p.  332. 

The  London  Photographic  News:   1882,  p.  466;  August  10th, 

1883,  p.  498;  October  26th,  1883,  p.  677;  January  4th,  1884,  p. 
13;  April  4th,  1884,  p.  222;  April  25th,  1884,  p.  257;  May  23d, 

1884,  p.  324;  September  5th,  1884,  p.  568;  September  12th,  1884, 
p.  589. 

Also  the  following  books  and  periodicals: 

Lithographer  and  Printer,  Chicago,  December  1 5th  and  21st,  1883 ; 
British  Journal  of  Photography,  I^ondon,  October  19th,  1883,  p.  619  ; 
Year  Book  of  Photography,  London,  1884,  p.  25,  and  1885,  p.  28; 
Guide  to  Art  Illustration,  by  J.  S.  Hodson,  London,  1884,  p.  186; 
Liesegang's  Photographisches  Archiv.,  Dusseldorf,  May  16th,  1884, 
p.  148;  Anthony's  Photo.  Bulletin,  New  York,  July,  1884,  p.  344, 
and  September,  1 884,  p.  440 ;  Journal  of  the  Society  of  Art-i,  London, 
October  17th,  1884,  p.  1091  ;  Walzl's  Monthly,  Baltimore,  October, 
1884,  p.  246;  Inland  Printer,  Chicago,  November,  1884,  p.  76,  and 
December,  p.  119. 


*  See  Neva  York  Tribune,  December  11th,  1884,  p.  6 ;  "A  Lesson  in  Criticism" 
(a  letter  from  \V.  Hamilton  Gibson,  the  artist). 
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A  DISCUSSIO?^  OF  RECENT    DECISIONS  OF  THE  SUPREME  COURT 
UNDER  THE  UNITED  STATES  MINING  LAW. 

BY  R.  W.  RAYMOND,  NEW  YORK  CITY. 

(Bethlehem  Meeting,  May,  1886.) 

This  paper  is  offered  in  continuation  of  my  former  paper  on 
"  The  Law  of  tiie  Apex  "  {Ti-ans.,  xii.,  387,  677),  with  the  purpose 
of  showing  what  additional  light  has  been  thrown  upon  the  ques- 
tions there  discussed  by  recent  decisions  of  the  Supreme  Court. 

I.  The  Definition  of  a  Lode. 

In  my  former  paper  {Trans.,  xii.,  410)  I  quoted  the  ruling  of 
Judge  Hallett,  of  Colorado,  in  the  '-Iron-Smuggler"  case,  tried 
before  him  in  June,  1882.  Under  his  charge,  the  jury  in  that  case 
found  for  the  defendants,  practically  declaring  that  the  deposit  on 
the  outcrop  of  which  the  Iron  Silver  Mining  Company's  claim  was 
located  was  not  a  "  lode,"  or  else  that  the  portion  of  it  within  that 
claim  was  not  the  apex.  The  case  was  appealed,  and  the  decision 
of  the  Supreme  Court,  given  in  February,  1886,  is  reported  in  116 
U.  S.  Reports,  p.  529.  It  simply  declares  that  there  is  nothing  in 
the  charge  of  Judge  Hallett  to  warrant  the  setting  aside  the  verdict. 
The  definition  of  a  legal  lode  given  in  that  case,  and  quoted  in  my 
paper  at  the  page  above-named,  is  perhaps  the  best  of  several  which 
Judge  Hallet  has  pronounced.  That  is  to  say,  his  earlier  definition, 
that  "  a  lode  or  vein  is  a  body  of  mineral,  or  mineral-bearing  rock, 
within  defined  boundaries  in  the  general  mass  of  the  mountain,"  is 
here  accom[)anied  with  further  explanations,  which  relieve  it  from 
the  requirement  on  one  hand,  that  the  body  shall  be  continuously 
ore-bearing  if  it  be  only  well-defined,  and,  on  the  other  hand,  that 
the  boundaries  shall  be  well-defined  if  the  ore-bearing  body  be  proved 
to  exist. 

So  far  as  tiiis  particular  case  is  concerned,  the  approval  of  this 
ruling  by  the  Supreme  Court  merely  ])revents  any  re-hearing  as  to 
the  facts.  Undoubtedly,  the  evidence  was  conflicting;  and  the  jury 
chose  to  believe,  for  the  purpose  of  that  occasion,  the  "  experts"  wiio 


LODE-LOCATIONS.  273 

denied  boundaries  and  continuity  and  ore  and  lode.  Upon  the 
general  administration  of  the  law  this  decision  has  little  or  no  ef- 
fect.* 

*  Since  this  paper  was  presentoil,  Mr.  Willarti  Parker  Butler,  in  an  article 
on  "The  Right  of  Lateral  Pursuit,"  in  J'Ac  School  of  Mines  Quarterly,  for  July, 
ISSO,  has  revieweii  the  decision  in  the  Smuggler  case.  Mr.  Butler  is  also  the 
antlior  of  an  able  article  in  the  same  periotlioal  for  April,  1886,  on  "Some  New- 
Mining  Cases,"  in  which  he  has  brought  down  to  the  end  of  1884  the  rulings  of 
the  .Supreme  Court  on  varit)us  points  under  the  mining  law.  In  "  The  Law  of  the 
Apex''  I  contined  myself  to  certain  features  of  the  statute,  and  certain  questions  of 
title  arising  imder  them.  Mr.  Butler's  earlier  article  is  chiefly  concerned  with 
questions  outside  of  these,  and  therefore  calls  for  no  further  comment  here,  e.xcept 
the  expression  of  my  pleasure  to  see  this  subject  taken  in  hand  by  a  gentleman 
who  is  qualified  by  botli  a  technical  and  a  legal  training  to  discuss  it  intelli- 
gently. 

With  regard  to  the  later  article,  I  must  beg  leave  to  dissent  from  the  use  of  the 
phrase  ''right  of  laieral  pui-suit,"  to  denote  what  I  have  elsewhere  called  the  "ex- 
tra-lateral right."  The  statute  of  186(i,  and  tire  mining  customs  preceding  it,  granted, 
perbapa.  only  a  right  of  lateral  pursuit ;  but  the  present  law  gives  much  more  than 
that,  namely,  an  absolute  ownership  of  certain  portions  of  veins,  extra-lateral  as 
regards  the  surface-boundaries  of  claims.  To  call  it  merely  a  right  of  pursuit  is  to 
iffnore  the  important  fact  that  it  is  not  a  mere  easement,  or  privilege,  but  a  com- 
plete title. 

But,  this  criticism  apart,  I  must  acknowledge  the  force  of  some  of  Mr.  Butler's 
remarks  concerning  the  Smuggler  decision.  The  substance  of  his  conclusion  is 
that  continuity  is  made,  in  this  decision,  the  test  of  the  legal  lode,  for  the  Court  says 
following  Judge  Hallet) :  "  If  it  is  not  continuous,  or  is  not  found  in  a  crevice  or 
opening  which  is  itself  continuous,  it  cannot  be  called  by  that  name"  [vein  or 
lode].  And  Mr.  Butler  adds:  "The  cases  are  so  rare  where  continuity  can  be 
strictly  shown,  that  undoubtedly  the  only  feasible  way  for  the  jury  will  be,  in  the 
majority  of  cases,  to  find  tiiat  there  is  no  continuity,  and  hence  no  vein  or  lode. 
This,  in  my  o|>inion,  must  be  construed  to  limit  practically  the  right  of  lateral  pur- 
suit to  cases  where  the  continuity  of  the  mineral-bearing  rock,  crevice,  or  opening, 
is  notoriously  a  matter  of  ocular  perception." 

He  admits,  however,  that  the  Supreme  Court  has  not  declared  what  are  the  ele- 
ments going  to  show  legal  "continuity,"  and  says  it  seems  to  have  shirked  the 
respfjnsibility  of  doing  so,  and  that,  in  consequence,  juries  will  not  be  willing  to 
assume  that  responsibility.  But,  I  suppose,  judges  can  assume  it,  the  silence  of  the 
Supreme  Court  not  being,  so  far  as  I  know,  adducible  as  binding  authority.  Hence, 
I  hope  the  effect  of  this  decision  will  not  be  so  deep  as  Mr.  Butler  supposes. 

Another  point  which  he  makes  has  impressed  me,  namely,  that  the  literal  endorse- 
ment of  Judge  Hallett's  rather  narrow  definitions  will  lead  the  circuit  judges  here- 
after to  follow  those  formnla.s,  as  approved  by  the  highest  authority.  This,  I  sup- 
pose, is  trne;  and  I  think  it  a  pity.  There  is,  however,  room  for  a  ruling  of  the 
following  kind,  which  would  largely  avert  the  danger.  In  some  case  in  which  a 
Btrong,  well-defined  deposit,  known  and  worked  as  a  lode  through  several  claims, 
is  brought  into  question  in  one  of  those  claims,  and  it  is  sought  to  be  shown  that 
the  deposit  is  not  a  lode  under  the  law,  by  reason  of  irregularities  or  discontinuities 
in  that  claim,  insignificant  in  comparison  with  its  general  regularity  and  continuity, 
VOL.  XV.— 18 
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II.  What  Constitutes  a  "  Known  Lode  "  ? 

In  my  former  paper  (xii.,  443)  I  mentioned  the  case  of  The  Iron 
Silver  3Iming  Company  v.  Siillivon  et  aL,  in  which  Judge  McCrary 
had  held,  in  the  U.  S.  Court  at  Denver,  June,  1883,  that  the  terms 
"known  to  exist,"  and  equivalent  phrases,  in  Section  2333  of  the 
Revised  Statutes,  mean  a  claim  duly  located  or  recorded  and  owned 
by  a  third  party  before  the  placer-claimant  applied  to  the  govern- 
ment for  a  patent;  that  the  mere  existence  of  a  lode  by  geological 
inference,  or  by  general  rumor  and  belief,  will  not  suffice;  but  that 
it  must  be  actually  known  by  discovery,  and  legal  proceedings  (at 
least  to  the  extent  of  a  record)  based  thereon.  Concerning  this  de- 
cision, I  then  said :  "  It  is  difficult  to  see  how  it  can  be  set  aside." 

Since  that  time,  two  cases  involving,  or  supposed  to  involve,  this 
question,  what  is  a  lode  "  known  to  exist,^'  according  to  Section  2333  ? 
have  been  argued  before  the  Supreme  Court  and  decided  by  it.  But 
the  question  has  not  been  answered. 

The  first  of  these  cases  was  the  Sullivan  case,  just  mentioned  ;  and 
the  Court  reversed  the  decision  of  Judge  McCrary.  But  the  grounds 
of  reversal  were  such  as  not  to  involve  the  construction  of  the  stat- 
ute. In  non-technical  language,  the  situation  was  this  :  The  plain- 
tiff" owned  a  patented  placer-claim ;  the  defendants  had  located  and 
occupied  within  it,  subsequent  to  the  issue  of  the  patent,  a  lode- 
claim.  The  plaintiff  brought  suit  to  recover  possession.  The  de- 
fendants alleged  in  their  answer,  that  the  lode  had  been  known  by 
the  patentees  at  the  time  of  the  placer-application,  and  not  having 
been  included  in  that  application  was  ipso  facto  excluded  from  it, 
according  to  Section  2333.  The  plaintiff  demurred  to  this  defence, 
that  is,  it  pleaded  that  even  if  true,  the  defence  would  not  be  good; 
and  Judge  McCrary  sustained  the  demurrer,  and  thus  threw  the 
defendants  out  of  court.  In  the  course  of  this  opinion,  he  construed 
the  statute.  But  the  Supreme  Court  decides  that  the  answer  was 
good  enough,  tj^rwe,  and  therefore  that  the  demurrer  should  not 
have  been  sustained,  and  expressly  declares  that  the  question  of 
construction  of  the  statute  was  not  properly  involved,  and  that  Judge 


if  the  jury  should  be  instructed  tliat  continuity  and  regularity  on  a  largg  scale  is 
what  is  to  be  expected  in  a  large  deposit;  that  internipiions  and  variations  should 
be  measured  in  their  proportion  to  the  whole,  and  that  what  is  clearly  a  lode  for 
thousands  of  feet  in  length  or  depth  cannot  be  deprived  of  its  character  as  such  by 
experts  quibbling  over  "  breaks," and  "  horses,"  and  "  barren  zones,"  and  "  faults"  : 
— that  would  be  good  sense,  I  know,  and  good  law,  I  think. 
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McCrary  crreil  in  going  into  it.*  In  other  words,  as  I  understand 
this  decision,  the  statute  deelarrs  that,  under  certain  circumstances, 
a  lode-h)cation  inrhidod  within  a  patented  j>Uu'er-location  is  not 
eonveyei.1  by  the  patent.  The  defenthmts  in  this  case  alleged  that 
those  circumstances  existed  with  regard  to  the  lode-location  involved, 
and  thei'cby  they  raised  a  pertinent  issue  of  fact.  It  was  in  the  trial 
of  this  issue,  anil  not  in  the  preliminary  trial  of  its  pertinency,  that 
the  construction  of  the  statute  was  properly  required.  By  this  door 
the  Supreme  Court,  properly  enough,  no  doubt,  but  very  unfortu- 
nately for  the  mining  communities,  escapes  the  necessity  of  meeting 
and  settling  one  of  the  most  important  questions  raised  under  the 
mining  law. 

The  other  case  to  which  I  have  referred  as  containing  a  similar 
issue,  is  that  of  Jieynolds  &  Morrissei/  v.  The  Iron  Silver  Mining 
Cfrnipany,  This  was  an  appeal  from  a  verdict  in  the  court  below, 
where  the  position  of  the  jiarties  was  reversed,  the  Iron  Company 
having  been  the  i)laintiff  below,  and  having  brought  an  action,  as  in 
the  Sullivan  case,  to  recover  possession  of  a  lode-claim  occupied  by 
the  defendants  within  its  patented  placer-ground.  The  defence,  as 
in  the  Sullivan  case,  was  based  on  Section  2333  of  the  Revised 
Statutes.!     But  in  this  case  there  was  no  demurrer;  so  the  issue 


*  The  language  of  the  Court  is  :  "  The  Circuit  Court  treated  the  question  of  the 
construction  of  this  statute  as  one  of  much  difficulty  and  some  doubt,  and  as  affect- 
ing numerous  cases.  Tiiis  court  should  not  express  an  opinion  upon  it  unless  its 
determination  is  necessarily  involved  in  tiie  adjudication  of  the  case  at  bar." — 109 
U.  S.  Reports,  p.  550. 

t  For  the  reader's  convenience,  I  quote  the  section  in  full.  It  is  substantially 
Section  11  of  the  Act  of  1872: 

"Section  2333.  Where  the  same  person,  association,  or  corporation  is  in  posses- 
sion of  a  placer-claim,  and  also  a  vein  or  lode,  included  within  the  boundaries 
there<^tf,  application  shall  be  made  for  a  patent  for  the  placer-claim,  witli  tlie  state- 
ment that  it  includes  such  vein  or  lode,  and  in  sucli  case  a  patent  shall  issue  for  the 
placer-claim,  stibject  to  the  provisions  of  this  chapter,  including  such  vein  or  lode, 
ujK)n  the  payment  of  five  dollars  per  acre  for  such  vein  or  lode-claim,  and  twenty- 
five  feet  of  surface  on  each  side  thereof.  The  remainder  of  the  placer-claim,  or  any 
placer  claim,  not  embracing  any  vein  or  lode-claim,  shall  l)e  paid  for  at  the  rate  of 
two  dollars  and  fifty  cents  per  acre,  together  with  all  costs  of  proceedings  ;  and  where 
a  vein  or  lode,  such  as  is  descrii>ed  in  Section  2320,  is  known  to  exist  within  the  boun- 
daries of  a  placer-claim,  an  application  for  a  patent  forsiich  a  placer-claim,  which  does 
not  include  an  application  for  the  vein  or  lode  claim,  shall  be  construed  as  a  conclu- 
sive declaration  that  the  claimant  of  the  placer-claim  has  no  right  of  possession  of 
the  vein  or  lo<Ie-claim  ;  but  where  the  existence  of  a  vein  or  lode  in  a  placer-claim 
is  not  known,  a  patent  for  the  placer-claim  shall  convey  all  the  valuable  mineral  and 
other  deposits  within  the  boundaries  thereof." 

This  section  refers  to  Section  2320  for  the  description  of  the  vein  or  lode  which 


276  LODE-LOCATIOXS. 

whether  the  lode  in  question  had  been  "  known  to  exist"  when 
application  was  made  for  a  placer-patent  covering  it,  seemed  likely 
to  be  fairly  tried ;  and  if  this  had  actually  happened,  doubtless  the 
meaning  of  the  phrase  upon  which  so  much  turns,  would  have  been 
judicially  declared,  at  a  time  and  in  a  way  which  would  have  left 
the  Supreme  Court,  upon  appeal,  no  escape  from  the  duty  of  a  clear 
and  final  settlement.  But,  unfortunately,  though  the  plaintiff  did 
not  demur.  Judge  Hallett,  who  heard  the  case,  demurred  (if  I  may 
so  say)  on  his  own  account.  He  charged  substantially  that  "the 
evidence  tended  to  prove  "  that  the  existence  of  the  lode  in  contro- 
versy was  known  to  tlie  placer  applicants  at  the  time  of  the  applica- 
tion, but  that  the  defendants  had  shown  no  title  to  the  lode  at  the 
place  in  controversy,  and  were,  therefore,  to  be  regarded  as  naked 
intruders  ;  and  that,  as  to  such  intruders,  the  plaintiff's  placer-title 
was  enough  to  give  a  right  of  possession  and  recovery.  On  this 
ground,  he  advised  the  jury  to  find  a  verdict  for  the  plaintiff.  He 
further  refused  to  charge  severalthings  requested  by  the  defendants, 
of  which  the  most  important  was  : 

"Tlie  plaintiff  must  recover  on  the  strength  of  his  own  title.  If  the  vein  is  not 
conveyed  to  plaintiffs  by  the  placer-patent  nnder  wliich  they  claim,  then  it  makes 
no  tlifTerence  whether  defendants  have  any  title  or  not ;  the  plaintiffs  cannot  recover 
on  the  weakness  of  defendant's  title." 

The  case  was  appealed  chiefly  on  the  ground  of  alleged  error  in 
these  rulings  of  Judge  Hallett.  It  will  be  seen  at  once,  that  the 
issue  thereby  presented  does  not  involve  the  question.  What  is  a 
lode  "  known  to  exist."  For  the  sake  of  a  point  which  seemed  con- 
clusive in  the  case  at  bar,  the  Court  implicitly  waived  that  question, 
assuming  it  to  be  answered  against  the  plaintiffs.  In  other  words, 
the  Court  itself  demurred. 

may  be  "known  to  exist,"  etc.  Tliat  section  (which  was  Section  2  of  the  Act  of 
1872)  is  as  follows: 

"  Section  2320.  Mining-claims  upon  veins  or  lodes  of  quartz  or  other  rock  in 
place,  bearing  gold,  silver,  cinnabar,  lead,  tin,  copper  or  otiier  valuable  deposits, 
heretofore  located,  sliall  be  governed  as  to  lengtii  along  tlie  vein  or  lode  by  the  cus- 
toms, regulations,  and  laws  in  force  at  the  date  of  their  location.  A  mining-claim 
located  after  the  10th  day  of  May,  1872,  whether  located  by  one  or  more  persons, 
may  equal,  but  shall  not  exceed  1500  feet  in  length  along  the  vein  or  lode  ;  but  no 
location  of  a  mining-claim  shall  be  made  until  the  discovery  of  the  vein  or  lode 
within  the  limits  of  the  claim  located.  No  claim  shall  extend  more  than  300  feet  on 
each  side  of  the  middle  of  the  vein  at  the  surface,  nor  shall  any  claim  be  limited  by 
any  mining  regulation  to  less  than  25  feet  on  each  side  of  the  middle  of  the  vein  at 
the  surface,  except  where  adverse  riglits,  e.'cisting  on  the  10th  day  of  May,  1872, 
render  such  limitation  necessary.  The  end  lines  of  each  claim  shall  be  parallel  to 
each  other." 
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The  Supreme  Court,  in  its  decision,  therefore,  deals  with  the  fol- 
lowing problem  :  A  owns  a.  placer-patent,  within  which  is  a  lode, 
not  kx?ated  or  claimed,  but  known  at  the  time  of  A's  patont-aj)pli- 
aUion  to  be  within  the  placer-claim,  and  yet  not  mentioned  by  A 
iu  that  applii.*ation,  and,  therefore,  according  to  Section  2333,  dis- 
claimeil  by  him.  B  has  entered  upon  this  lode  without  having 
claimeii  or  recorde<?  it,  and  has  no  title  to  it.  Can  A,  who  does  not 
own  it,  recover  it  from  B,  who  does  not  own  it?  The  Court  below 
says  there  is  virtue  enough  in  the  placer-patent  to  give  A  this 
right. 

But  the  Supreme  Court,  through  Justice  Miller,  declares  that  the 
lode,  in  such  a  case,  belongs  to  C, — namely,  the  United  States  ;  and 
that  an  action  to  recover  possession  of  it  must  follow  the  rule  ap})li- 
cable  in  cases  of  ejectment,  namely,  that  the  plaintiff  must  recover 
on  the  strength  of  his  own  title,  not  on  the  weakness  of  defendant's. 
A  cannot  drive  B  from  C's  property,  says  the  Court;  ^Svliether  the 
defendant  has  title,  or  is  a  mere  trespasser,  it  is  certain  that  he  is  iu 
possession  ;  and  that  is  a  sufficient  defence  against  one  who  has  no 
title  at  all,  and  never  had  any." 

Chief-Justice  Waite  delivered  a  dissenting  opinion,  which  will  be 
presently  considered.  I  wish  first  to  point  out  the  force  and  effect 
of  the  decision  above  summarized.  It  reversed  the  decision  below, 
and  remanded  the  case  for  a  new  trial.  That  is  to  sa}',  the  question 
whether  the  lode  iu  controversy  was  at  a  certain  time  known  to  exist, 
within  the  meaning  of  the  law,  and  within  the  boundaries  of  the 
placer-claim,  has  still  to  be  determined  as  an  issue  of  fact,  since, 
although  it  had  been  one  of  the  issues  of  fact  in  the  first  trial,  it  was 
practically  taken  away  from  the  jury  by  the  judge.  And  in  the 
determination  of  this  fact,  the  meaning  of  the  statute  will  be  as  much 
concerned  as  the  boundaries  of  the  placer-claim. 

The  Supreme  Court  takes  pains  to  avoid  exj>ressing  any  opinion 
on  this  point.  It  says  (116  U.  S.  Eeports,  p.  696),  "  It  may  not  be 
easy  to  define  the  words  'known  to  exist'  in  this  act.  Whether 
this  knowledge  must  be  traced  to  the  applicant  for  the  patent,  or 
whether  it  is  sufficient  that  it  was  generally  known,  and  what  kind 
of  evidence  is  necessary  to  prove  this  knowledge,  we  need  not  here 
inquire." 

The  italics  are  mine,  though  they  might  well  have  been  employed 
by  the  learned  justice  who  wrote  the  ojjinion  ;  for  they  indicate  the 
proposition  which  must  have  given  him  the  greatest  relief  of  all. 
It  is,  however,  the  misfortune  of  people  engaged  in  mining,  and 
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willing  to  obey  the   law,  if  anybody  will  tell  them  what  it  is,  that 
they  must  inquire  though  the  Supreme  Court  need  not. 

Chief-Justice  Waite  did,  indeed,  inquire  a  little.  Without  (as  I 
respectfully  conceive)  going  to  the  root  of  the  matter,  he  at  least 
read  over  that  mysterious  Section  2333,  and  found  something  in  it 
with  regard  to  the  Ay  B,  C  problem  which  I  have  stated  above, 
namely,  that  the  statute  speaks  of  the  omission  from  the  placer  ap- 
])lication  of  an  ap})lication  for  the  vein  or  lode  claim — not  the  vein 
or  lode  merely — and  says  such  omission  "shall  be  construed  as  a 
conclusive  declaration  that  the  claimant  of  the  placer-claim  has  no 
right  of  possession  of  the  vein  or  lode  claim."  And  the  Chief-Jus- 
tice says  in  substance  that,  as  there  is  no  lode-claim  in  this  case,  and 
never  has  been  any — only  a  lode  wo^  "claimed,"  which  would  seem 
to  be  the  precise  opposite — the  provision  of  the  statute  is  not  opera- 
tive. How  could  the  plaintiffs  have  applied  for  a  lode-claim  if  there 
was  none?  How  could  their  not  doing  what  they  could  not  do  be 
construed  an  omission?  And  if  it  were  so  construed,  and  therefore 
be  a  conclusive  disclaimer,  how  could  the  disclaimer  of  possession 
of  a  non-existent  claim  affect  their  position  ?  The  Chief-Justice 
aj)pears  to  hold,  also,  that  even  if  the  placer-patent  does  not  give 
actual  ownership  of  the  lode,  it  gives  "a  better  right"  to  the  pos- 
session as  against  a  mere  intruder.  Or,  to  reduce  it  to  my  alpha- 
betic notation,  A  may  recover  from  B  ground  which  A  does  not 
clearly  own,  if  C,  who  formerly  owned  it,  has  given  A  more  right 
than  B  to  occupy  it.  The  Chief-Justice  enigmatically  adds,  how- 
ever, that  if  the  defendants,  instead  of  nakedly  intruding  upon  the 
ground  in  controversy,  were  trying  to  locate  a  lode-claim  within  the 
placer-claim  upon  a  lode  known  to  exist  when  the  placer-patent  was 
applied  for,  "  quite  different  questions  would  arise."* 

*  Since  the  presentation  of  this  paper,  an  attempt  lias  been  made  to  bring  np  tlie 
"quite  different  questions"  to  which  the  Chief-Justice  alludes.  Messrs.  Reynolds 
and  Morrissey,  encouraged,  perhaps,  by  their  victory  in  the  Supreme  Court,  made 
application  to  the  Surveyor-General's  office  at  Denver,  for  the  approval  of  certain 
lode  surveys,  and  the  Iron  Silver  Mining  Co.  protested,  on  the  ground  that  the 
said  surveys  were  within  tlie  Wells  and  Moyer  placer-claim,  owned  by  it  under  U. 
S.  patent.  On  a  motion  to  dismiss  this  {)rotest,  it  was  urged  that  the  Surveyor- 
General's  office  has  no  jurisdiction  over  controverted  questions  of  law  or  fact;  that 
its  duties  are  purely  ministerial,  and  its  actions  are  taken  upon  ex  parte  showing. 
If  surveys  presented  for  apjiroval  are  correctly  made,  in  conformity  with  the  regu- 
lations governing  field-work  and  reports  tliereof,  they  must  be  approved,  without 
reference  to  the  possible  or  alleged  existence  of  adverse  rights.  Such  adverse 
rights  can  be  asserted  elsewhere.  The  Surveyor-General's  office  is  not  a  court  for 
their  adjudication. 
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Returning  to  the  deois^ion  of  the  majority,  I  am  forced  to  tlie  con- 
clusion that  it  rests  on  much  narrower  grounds  than  the  case  pre- 

This  reasoning  proves  too  much.  If  it  be  sound,  then  the  Surveyor-General 
cannot  refuse  to  appnne  surveys,  even  when  tltey  are  hiid  upon  private  property. 
Yet  it  is  plain  that  his  jurisdiction  rehites  to  tlie  public  domain  only.  And  in  the 
present  case,  the  recortls  of  his  office  tliemselves  showed  the  laud  covered  by  the 
new  survey  to  have  been  previously  surveyed  for  other  parties,  and  the  U.  S.  patent 
showed  that  these  other  parties  had  bought  and  paid  for,  and  received  a  title  under 
seal  of  tlie  Government.  If  the  Surveyor-General,  as  contended,  cannot  go  into 
omtnivertetl  questions  of  law  or  fact,  then  he  could  not  go  behind  the  letter  of  the 
patent,  to  inquire  whether  the  circumstances  involved  a  reservation  not  expressed 
in  the  dee*l,  and  the  applicants,  not  the  protestauts,  must  assert  their  adverse  rights 
elsewhere. 

But  Surveyor-General  Dawson,  in  the  case  referred  to,  was  more  liberal.  He 
allowed  the  applicants  to  show  cause  why  their  surveys  should  be  approved  ;  and 
the  cause  shown  was,  that  the  lode  or  lodes  surveyed  had  been  known  to  the  placer- 
claimants  a«  existing  within  the  placer-claim  at  the  time  of  the  placer-application. 
This  raised  the  question.  What  is  a  "  known  "  lode?  and  Mr.  Dawson,  reviewing  the 
various  decisions  bearing  thereon,  finds  that  the  Supreme  Court  has  never  settled 
the  question,  and  falls  back  upon  tiie  opinion  of  Judge  McCrary  as  the  highest  au- 
thority,— the  only  definition,  in  fact,  by  a  Federal  judge,  of  this  important  phrase. 
He  consequently  iiolds  tiiat  the  language  "  must  refer  to  a  vein  or  lode  which  has 
been  located,  whicii  has  boundaries,  which  has  a  locality,  which  has  had  some  sort 
of  development,  or  else  it  cannot  be  such  a  vein  or  lode  as  is  described  in  Section 
23'JO,"  to  which  Section  2333  explicitly  refers  for  particulars. 

In  the  ca.«e  before  him,  Mr.  Dawson  goes  further,  and  declares  that  even  if  other 
proof  of  prior  "knowledge"  were  admissible,  such  proof  as  was  offered  before  him 
could  not  be  considered  adequate.  That  the  lodes  in  question  were  not  known  to 
the  lode-applicants  prior  to  the  placer-application  is  proved  by  their  own  certifi- 
cate of  location,  which  places  their  earliest  discovery  more  than  five  years  after  the 
issue  of  the  placer-patent.  And  they  offered  no  other  evidence  as  to  the  jjrior 
knowledge  of  the  placer-applicants  than  an  affidavit  of  their  own  agent,  based  upon 
"information  and  belief"  Under  these  circumstances,  Mr.  Dawson  declined  to 
approve  the  lode-surveys.  I  am  indebted  to  his  clear  and  able  decision  for  several 
references  which  I  have  consulted  and  used  elsewhere  in  this  paper. 

It  is,  perhaps,  worth  while  here  to  consider  the  "new  and  different  questions" 
thus  raised — and,  so  far  a.s  the  Surveyor-General  can  settle  them,  settled.  Looking 
at  the  case  from  the  final  standpoint  of  the  Surveyor-General,  there  is  no  proof 
whatever  that  brings  it  within  any  construction  of  Section  2333.  Neither  the 
placer  applicant,  nor  the  lode  applicants,  nor  anybody  else,  is  proved  to  have 
"known"  in  any  sense  of  the  existence  of  the  lode  within  the  placer-claim  prior 
to  the  placer-application.  And  from  the  earlier  standjwint  of  the  Surveyor-General, 
the  alleged  prior  knowledge  wsis  not,  even  if  proved,  the  knowledge  contemplated 
by  the  statute.  In  this  we  have  merely  the  opinion  of  Judge  McCrary  over  again, 
and  therefore  no  new  question.  It  is  only  when  we  take  the  standpoint  of  the  Chief- 
Jasfice  that  the  case  assumes  a  new  aspect,  which  may  be  stated  thus:  B  seeks  to 
perfect  a  lode-location  within  the  patented  placer-claim  of  A,  asserting  that  though 
his  own  discovery  of  the  lode  was  subsequent  to  A's  application,  the  lode  was 
"known  to  exist"  before  such  application,  was  therefore  constructively  disclaimed 
by  such  application  and  re.«erved  from  tlie  placer-patent,  is  therefore,  again,  the 
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sented.  If,  as  I  understand,  the  whole  record  of  the  case  was  before 
it  for  review,  it  seems  to  me  the  Court  was  bound,  not  merely  to 
approve  or  reverse  certain  rulings  of  the  court  below,  but  also  to 
consider  whether  a  reversal  of  such  rulings  might  involve  a  different 
verdict.  Now  the  record  in  the  Reynolds  case  shows  the  surprising 
fact  that  there  was  not  the  slightest  evidence  offered  that  a  lode  was 
"  known  to  exist"  within  the  placer-claim,  either  before  or  after 
the  placer-application,  or  that  a  lode  now  exists  there,  upon  which  a 
lode-location  ever  could  or  can  now  be  made.  In  other  words,  the  lode- 
property  of  C  (the  United  States)  the  grantor  of  A,  and  open  to  exploration  and 
hication  by  any  citizen,  by  virtue  of  the  express  permission  of  C  publicly  given. 
If  B  occupies  the  ground  without  having  located  it,  he  is,  according  to  the  Chief- 
Justice,  a  mere  intruder,  and  A  can  recover  possession  from  him.  But  he  cannot 
enter  tiie  ground  and  dig  there  to  find  the  lode,  as  an  indispensable  pre-requisite  to 
a  valid  location,  without  being  equally  an  intruder.  How  can  he,  then,  by  virtue  of 
his  trespass,  acquire  any  valid  possession?  The  Surveyor-General  tells  him  that 
the  only  prior  "  knowledge"  he  can  recognize  is  a  prior  record.  Evidently,  B's  only 
remedy  (assuming  that  he  has  suffered  a  wrong  which  needs  a  remedy)  lies  in  the 
courts.  But  what  can  he  do  in  the  courts  ?  He  cannot  sue  for  possession  of  a  claim 
which  does  not  yet  exist  even  on  paper.  He  cannot  come  forward  and  say, 
"  Tliere  is  a  lode  in  there  somewhere,  which  has  long  been  '  known  to  exist,'  tiiough 
never  actually  discovered :  I  claim  the  right  to  explore  A's  property  until  I  fiud  it. 
True,  he  has  a  deed  from  the  United  States  for  a  certain  area  and  its  mineral  con- 
tents ;  but  there  is  a  '  floating '  reservation  in  that  deed,  not  expressed,  but  prescribed 
by  the  statute  authorizing  the  grant;  a  part  of  that  property  still  belongs  to  the 
United  States;  and  the  boundaries  of  that  part  can  only  be  determined  by  ex{)lora- 
tion  ;  I  claim,  therefore,  the  right  to  explore  until  I  find  wliere  that  reservation  is, 
so  that  I  may  take  the  first  steps  to  acquire  title  to  it  for  myself" 

It  is  evident  enough  that  B  has  no  standing  in  court  upon  such  a  plea.  The 
situation  thus  becomes  simple.  Assuming  that  there  is  a  sense  in  which  a  lode  may 
have  been  "  known  to  exist,"  according  to  Section  2333,  though  not  actually  dis- 
covered and  located,  and  assuming  that  a  given  lode  is  proved  to  have  been  so 
known,  at  the  time  of  a  placer-application,  in  which  it  is  not  mentioned,  it  follows 
that  such  lode  is  reserved  from  the  grant  of  the  placer-patent,  and  still  belongs  to 
the  United  States.  But  no  one  excejtt  the  placer-owner  can  take  the  preliminary 
steps  necessary  to  locate  the  lode.  The  United  Stales  is  thus  in  a  position  not  un- 
known to  the  common  law.  Under  the  common  law,  the  estate  in  minerals  can  be 
separated  from  the  estate  in  land,  bnt  the  right  to  mine  is  not  necessarily  included 
in  the  mineral  ownership.  It  has  thus  happened  that  a  party  owning  the  mineral 
within  a  certain  tract,  but  not  having  the  right  to  enter,  explore,  dig,  and  carry 
away,  make  roads,  conduct  water,  erect  machinery,  etc.,  has  been  unable  to  make 
use  of  his  ownership.  The  pound  of  flesh  was  his;  but  he  coidd  not  legally  get  it. 
Hence  it  is  that  all  our  forms  of  mining  deeds  and  leases  not  only  convey  tiie 
mineials,  but  specify  also  the  operations  and  easements  referred  to,  which  would 
otherwise  be  trespasses.  We  conclude,  therefore,  that  the  new  questions  involved 
in  the  supposed  case  end  in  a,  cul-de-sac  ;  and  we  are  not  only  thrown  back  on  the 
one,  old  question,  What  is  a  lode  "known  to  exist?"  but  the  only  practical  answer 
to  that  question  is  clearly  indicated. 
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claimants  diil  not  prove  or  offer  to  prove  an  apex  within  the  phicer- 
ehiini.  Their  own  workings  followeil  a  lode  from  ontside,  and  went 
beyond  their  own  end-lines  in  so  doing.  Therefore,  the  apex  from 
which  they  may  have  started  was  not  the  apex  for  that  portion  of  tlie 
deposit  in  wliich  they  were  trespassing;  but  where  the  apex  of  that 
portion  was  they  did  not  show.  All  that  they  tried  to  prove  was, 
that  a  lode  (in  fact,  the  Leailville  contact-deposit  which  has  been  so 
often  ctilkxl  lode  and  no-lode  by  Colorado  authority),  having  its 
outcrop  far  outside  the  placer-claim,  passes  under  that  claim  in  its 
downward  course.  But  how  can  this  be  the  lode  included  in  the 
placer-claim — the  lode  which  Section  2333  requires  the  placer-claim- 
ant to  claim  ?  If  the  apex  is  not,  then  the  lode  itself  is  not,  in  the 
legal  sense,  within  the  ])lacer  at  all,  but  passes  through  it.  No  loca- 
tion could  be  made  on  it;  no  25  feet  could  be  laid  off  on  the  surface 
on  each  side  of  it ;  hence,  nothing  at  all  can  follow  from  an  omission 
to  do  these  things.  Moreover,  the  record  of  the  case  presents  no 
evidence  that  even  this  lode  had  been  discovered  to  exist  within  the 
placer-claim  before  the  placer-apj)lication.  The  only  evidence  on 
that  point  went  to  show  (not  without  contradiction)  that  the  locators 
of  the  placer-claim  thought  there  must  be  a  lode  in  it,  and  not 
knowing  where  it  was,  if  it  was  there,  or  how  to  locate  uj)on  it  when 
it  was  not  visible,  applied  for  the  placer-patent  without  waiting  to 
discover  the  vein. 

Now  this  feeble  and  incompetent  evidence  was  called  by  the  Court 
below  evidence  tending  to  prove  that  the  existence  of  the  lode  in 
controversy  was  known  to  the  placer-applicants  at  the  time  of  the 
application.  Intent  upon  another  point  which  he  deemed  to  be  con- 
clusive anyhow  against  the  lode-claimants,  the  judge  waived  the  con- 
sideration of  their  weakness  on  this  point.  But  it  seems  to  me  that 
the  Supreme  Court,  with  the  record  of  the  whole  case  before  it,  and  a 
jury-verdict  to  confirm  or  set  aside,  might  well  have  gone  further 
than  it  did.  It  might  have  declared,  not  merely  that  on  the  premises 
assurae<l  by  Judge  Hallett,  he  erred  in  his  rulings,  but  also,  that 
even  after  the  reversal  of  those  rulings,  the  case  contained  no  evi- 
dence sufficient  to  justify  a  different  verdict,  there  being,  in  fact,  no 
proof  of  the  present  existence  (to  say  nothing  of  a  prior  knowledge) 
of  a  lode  having  its  aj)ex  within  the  placer-claim,  and  therefore 
subject  to  location  within  it. 

For  it  must  be  remembered  that  a  lode  having  its  apex  outside 
of  the  placer-claim  will  belong  to  those  who  locate  upon  that  apex, 
each  of  such  locators  acquiring  that  portion  which   is  included  by 
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his  extended  end-lines.  They  can  enter  the  placer-claim  under- 
ground to  their  hearts'  content  iu  exploiting  their  lode  in  its  down- 
ward course;  this  right  is  theirs  by  virtue,  not  of  Section  2333,  but 
of  Section  2322,  and  Section  2333  has  no  more  to  do  with  the  case 
than  ''the  flowers  that  bloom  in  the  spring."  The  right,  however, 
must  be  affirmatively  established.  If  B  is  working  under  the  sur- 
face of  A,  and,  being  sued,  declares  that  he  is  there  by  virtue  of  his 
extra-lateral  right  as  owner  of  the  claim  covering  the  apex  of  the 
lode  on  which  he  is  at  work,  lie  must  prove  that  ownership,  and  the 
identity  of  the  lode.  In  the  absence  or  imjjerfection  of  such  proof, 
the  surface-ownership  of  A  is  conclusive,  and  will  enable  him  to  eject 
B.  iSow  if  tiie  Supreme  Court  virtually  declared  that  under  Section 
2333  the  burden  of  proof  of  title  is  on  A,  it  miglit  (and  I  think  it 
should)  have  added  that  the  only  lode  in  this  case  comes  under  Sec- 
tion 2322,  and  that  under  that  section  the  burden  of  proof  is  on  B. 

But,  strictly  speaking,  the  Supreme  Court  did  not,  and  I  think  it 
never  will,  diminish  the  weight  of  a  patent  of  the  United  States  as 
proof.  As  was  well  said  in  the  famous  Eureka  decision,  such  a 
patent  is  "iron-clad  in  its  potency "  against  all  inferences.  Now 
such  a  floating  reservation  as  that  of  an  unlocated  lode-claim,  not 
expressed  in  the  patent,  is  an  inference  of  the  widest  and  loosest 
variety,  and  if  it  is  admissible  at  all — which  I  do  not  believe — it 
certainly  requires  the  strongest  affirmative  support. 

It  must,  however,  be  admitted  that  if  the  Supreme  Court  had 
looked  a  little  more  into  the  record  of  the  Reynolds  case,  and  dis- 
covering the  utter  lack  of  proof  of  prior  knowledge  of  any  kind  of  a 
lode  "  within  the  placer-claim,"  according  to  Section  2333,  had  con- 
firmed the  verdict  below,  it  would  not  thereby  have  settled  the 
question  to  which  we  now  recur,  as  to  a  plaintive  refrain — What  is 
a  lode  "  known  to  exist"  under  Section  2333?  I  am  not  aware 
that  the  Court  now  has  on  its  docket  any  cases  involving  that  ques- 
tion. Perhaps  in  five  or  six  years  the  Sullivan  case  and  the  Rey- 
nolds case  will  come  up  again  ;  and  we  may  have  to  wait  tiirough 
that  cycle,  hoping  that  when  it  is  completed  there  will  be  at  last  a 
clear  deliverance.  Meanwhile  the  opinion  of  Judge  McCrary  in  the 
Sullivan  case  is  the  only  Federal  authority;  and  though  the  Su- 
preme Court  says  he  erred  in  giving  any  opinion,  we  are  grateful  to 
him  for  the  obUer  dictum.  I  purpose  here  to  review  the  grounds 
stated  by  this  authority,  and  to  add  some  considerations  in  confir- 
mation of  his  conclusion. 

Judge  McCrary  says : 

"  The  first  thing  that  strikes  us  as  important  in  the  construction  of  tliis  language 
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[of  Section  2323]  is  that  we  are  referreil  back  to  Section  2320  for  a  description  of  the 
vein  or  lotle  whicli  is  referred  to.  ami  whicii  is  not  to  pass  to  tiie  patentee,  unless  he 
has  compile*!  with  this  provision  of  the  statute:  '  Where  a  vein  or  lode,  such  as  is 
descril)e«l  in  Section  2320.'     What  sort  of  vein  or  lode  is  described  in  Section  2320  ? 

"  I5y  rclerent'e  to  that  se*nion,  we  see  that  it  relates  entirely  to  vein  or  lode-claims, 
and  the  description  wiiich  it  contains  is  a  description  of  the  metes  and  bounds  of  a 

vein  or  liHle-claiin not  a  lo.lc  simply,  but  a  lode-claim;  one  that  has  been 

locateil,  which  has  b<iundaries,  which  has  been  developed  ;  it  <jives  us  its  dimen- 
sions; it  declares  it  shall  have  been  located  ;  it  says  it  shall  be  a  claim  in  wiiich 
there  luis  been  a  distHJvery  of  mineral,  etc. 

"  I  am  of  the  opinion  that  a  vein  or  Kxle  that  hi\s  never  been  claimed,  that  has 
not  been  hx>ated,  that  lias  not  been  marked  out  by  metes  and  bounds,  and  in  which 
there  has  been  no  actual  development,  or,  to  use  the  language  of  the  statute,  '  dis- 
covery of  a  vein  or  lode  within  the  limits  of  the  claim  located,'  is  not  a  vein  or  lode 
such  as  is  described  in  Section  2320.  Tiie  description  must  refer  to  these  things; 
the  section  describes  nothing  else,  and  to  its  description  we  are  plainly  referred.    It 

folh)ws  that  the  language must  refer  to  a  vein   or   lode  which   has  been 

locatetl,  which  has  boundaries,  which  has  a  locality,  which  has  had  some  sort  of  de- 
velopment, or  else  it  can  not  be  such  a  vein  or  lode  as  is  described  in  Section  2320." 

Tin's  reasoning  is  ingenious  and  forcible,  and  it  leads  to  a  sound 
conclusion;  but  perhaps  it  would  not  alone  suffice  to  establish  that 
conclusion.  Collateral  support  may  be  found  for  it,  however,  which 
will  make  it  impregnable.  At  first  sight,  one  might  infer  that  the 
vein  or  lotle  described  in  Section  2320  is  not  necessarily  or  probably 
what  Judge  McCrary  says.  The  section  itself  (quoted  in  full  in  a 
preceding  foot-note)  does  indeed  refer  wholly  to  raining  claims;  but 
it  contains  incidentally  a  description  of  a  vein  or  lode  as  "  of  quartz 
or  other  rock  in  place,  bearing  gold,  silver,  cinnabar,  lead,  tin,  cop- 
per, or  other  valuable  deposits."  This  appears  to  be  a  sufficient 
answer  to  the  Judge's  question,  "  What  sort  of  a  vein  or  lode  is  de- 
scribed in  Section  2320?"  Obviously,  one  would  say,  a  vein  or  lode 
of  rock  in  place,  carrying  valuable  mineral. 

But  let  us  see  whether,  upon  analysis,  Section  2333  would  be 
satisfied  with  that  definition.     We  find  that  this  section  provides: 

1.  That  when  the  .same  party  is  in  po.s.se.ssion  of  a  placer-claim 
and  also  a  lode  within  it,  application  shall  be  made  for  the  placer- 
claim  with  the  statement  that  it  includes  such  lode,  and  that  the 
patent  shall  i.ssue  for  the  placer-claim  including  the  lode,  "  uj)()n  the 
payment  of  85  per  acre  for  such  vein  or  lode-cZa/m,  and  twenty-five 
feet  of  surface  on  each  side  thereof.  The  remainder  of  the  placer- 
claim,  or  any  placer-claim  not  embracing  any  vein  or  lode-claim,  shall 
be  paid  for  at  the  rate  of  $2.50  per  acre." 

2.  That  where  a  vein  or  lode,  such  as  is  described  in  Section  2320, 
is  known  to  exist  within  a  placer-claim,  an  aj)plication  for  a  patent 
for  the  placer-claim  which  does  not  include  an  application  for  the 
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vein  or  lode-c/a/m,  shall  be  construed  as  a  conclusive  declaration 
that  the  claimant  of  the  placer-claiui  has  no  right  of  possession  of 
the  vein  or  lode-claim. 

3.  That  where  the  existence  of  a  lode  in  a  placer-claim  is  not 
known,  a  patent  for  the  placer-claim  shall  convey  all  valuable  min- 
erals and  other  deposits  within  the  bounds  thereof. 

It  is  evident  that  these  three  provisions  all  deal  with  the  same 
kind  of  vein  or  lode.  The  first  directs  that  when  in  possession  of 
the  i)lacer-claimant,  he  shall  mention  it  in  his  application,  and  pay 
$5  per  acre  for  the  \ode-olahn,  "and  25  feet  of  surface  on  each  side 
thereof."  This  is  clumsy  to  the  verge  of  nonsense.  Probably  it 
means  a  lode-claim  containing  25  feet  on  each  side  of  the  lode;  per- 
haps it  might  be  held  to  mean  25  feet  extra  on  each  side  of  the 
ordinary  lode-claim.  But  in  either  case  it  absolutely  requires  that 
there  should  be  a  claim  located  on  the  lode.  Now  this  cannot  be 
done  until  the  lode  has  actually  been  discovered  within  the  placer- 
claim.  Mere  confident  belief  that  it  is  there  will  not  suffice.  There 
is  also  an  explicit  declaration  that  the  remainder  of  the  placer-claim 
or  any  placer-claim  not  embracing  any  vein  or  lode-claim,  shall  be 
paid  for  at  $2.50  per  acre.  It  is  impossible  to  escape  the  conclusion 
that  the  })lacer-claim  described  in  the  words  italicized,  as  containing 
no  \ode-claim,  is  the  same  as  that  described  in  the  third  provisitm  of 
the  section  as  one  in  which  the  existence  of  a  lode  is  not  known. 

The  first  provision  having  covered  the  case  when  the  lode  is  in 
possession  of  the  placer-claimant,  the  second  proceeds  to  deal  with 
the  case  of  a  lode  not  in  his  possession,  and  declares  that  his  failure 
to  mention  it  is  a  practical  disclaimer  of  possession.  In  other  words 
he  cannot  get  possession  of  it  by  a  simple  omission  leading  to  an 
erroneous  grant  of  the  whole  tract  to  himself  There  is,  however, 
no  intimation  of  fraud.  The  patent  is  not  vitiated  by  the  omission 
and  consequent  reservation. 

Now  there  are  practically  only  these  three  alternatives:*  either 
the  lode  is  known  and  in  possession  of  the  placer-owner,  or  it  is 
known  and  in  some  one  else's  possession,  or  it  is  not  known.  The 
notion  that  if  it  were  known  and  in  nobody's  possession,  the  placer- 
owner  would  fail  to  take  possession,  and  that,  having  possession,  he 
would  fail  to  mention  it  in  his  application,  is  too  absurd  to  be  con- 
templated by  the  law.  Pray  what  would  be  the  motive  for  such  an 
omission?     The  extra  cost  of  $2.50  per  acre  on  a  lode-claim  of  25 

*  A  fourth,  and  the  most  importnnt  alternative,  viz.,  that  the  ownership  of  a 
known  h)de  is  in  dispute,  is  discussed  later.  For  the  purpose  of  tiiis  paragraph  it 
is  not  necessary,  as  it  cannot  arise  unless  the  lode  has  been  located  by  somebody. 
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feet  on  each  side  of  the  loile,  and  1500  feet  lonj^,  or  75,000  square 
feet,  wonkl  bo  $4.30 — not  a  large  price  to  pay  for  completing  a  per- 
fect title. 

Bnt  supposing  that  a  lode  were  "  known  to  exist,"  and  yet  were  in 
noluxly's  possession  at  the  time  of  the  placer-application,  and  were 
not  mentioned  in  that  application — what  would  the  omission  effect 
according  to  this  section?  Simply  a  disclaimer  of  possession  as  to 
that  kxle  by  the  patentee.  But  the  United  States,  under  this  same 
section,  sells  him  the  whole  placer-claim,  embracing,  as  it  does, 
no  \ode-cl(tim,  for  $2.50  per  acre.  Now,  since  by  the  supposition 
there  were  no  adverse  possessory  rights  to  be  affected,  what  has  the 
patentee's  previous  disclaimer  of  possession  accomplished?  Nothing 
at  all.  As  a  purchaser,  he  has  ceased  to  stand  on  any  right  of  pre- 
vious possession.  He  has  got  what  he  paid  for,  whether  he  pos- 
sessed it  before  or  not;  and  nothing  but  the  proof  of  fraud  on  his 
part,  or  the  operation  of  prior  adverse  rights,  can  diminish  it.  It 
should  be  noted  that  the  statute  does  not  declare  that  he  shall  not 
own  the  lode  after  purchase,  but  only  that  he  shall  be  held  to  have 
disclaimed  possession  of  it  before  purchase.  If  the  lode  be  already 
located  the  case  is  at  once  altered,  for  by  virtue  of  the  location  some- 
body has  the  possessory  right;  if  not  the  placer-owner,  then  some- 
body else;  and  this  right  is  practically  (as  I  shall  show  more  fully 
below)  a  grant  from  the  government,  which  the  placer-patent  cannot 
affect.  Nor  can  it  affect  the  "extra-lateral  right"  of  lode-locations 
adjoining  it. 

But,  it  may  be  asked,  if  the  possessory  lode-title  is  a  prior  grant, 
is  it  not  already  sufficiently  protected  by  that  fact,  without  any  help 
from  Section  2333,  and  would  not  the  restriction  of  the  application  of 
Section  2333  to  lodes  already  located,  practically  render  this  section 
superfluous  and  meaningless?  This  is  a  pertinent  question.  I  sup- 
pose we  are  bound  to  construe  the  law  to  mean  something  (however 
difficult  this  task  may  be)  whenever  we  can.  And  at  first  glance 
it  certainly  seems  superfluous  to  provide  that  a  certain  omission  to 
name  a  lode-location  shall  operate  as  a  disclaimer  of  possession  when 
the  possession  is  adverse  anyhow,  and  fully  protected  otherwise  by 
the  law.  But  this  section  may  serve  an  important  purpose  in  pre- 
venting litigation,  as  the  following  considerations  will  show. 

The  statute  provides  with  regard  to  applications  for  lode-patents 
that  certain  formalities  shall  be  observed,  calculated  to  give  ample 
notice  to  all  contesting  claimants.  Upon  the  assertion  of  an  adverse 
claim,  all  proceedings  are  stopped  until  it  has  been  tried  and  deter- 
mined ;  but  after  the  lapse  of  the  legal  period  of  advertisement  with- 
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out  any  protest  from  an  adverse  claimant,  all  such  claims  are  held 
to  have  been  waived  ;  and  they  can  never  be  subsequently  pleaded 
ag-ainst  the  patent. 

Now  a  lode  located  within  a  placer-claim  may  be  legally  in  the 
possession  of  the  placer-claimant,  or  it  may  be  in  possession  of 
another  party,  or  it  may  be  the  subject  of  controversy  between  the  two. 
This  is  a  probable  and  frequent  situation  ;  and  the  effect  of  Section 
2333  u])on  it  is  to  force  the  placer-claimant  to  take  his  choice,  and 
either  to  claim  or  disclaim  the  possessory  title  to  the  lode-location. 
If  he  claims  it,  he  must  describe  it,  and  thus  give  due  warning  to 
the  adverse  claimant.  If  he  disclaims  it,  by  failing  to  mention  it 
in  his  application,  then  the  adverse  claimant  is  secured  in  his  rights 
without  further  contest.  In  either  case,  the  title  to  the  lode-location 
is  settled,  so  far  as  the  placer-claimant  is  concerned,  before  the 
patent  is  issued.  In  other  words,  this  section  declares  that  no  one 
shall  obtain  a  placer-patent  while  he  is  engaged  in  a  contest  con- 
cerning the  ownership  of  a  lode-claim  within  the  placer-claim. 

Moreover,  even  if  the  placer-claimant  be  not  at  the  time  con- 
testing the  ownership  of  such  a  lode-claim,  the  section  bars  him  from 
commencing  such  a  contest  afterwards  on  the  strength  of  any  facts 
prior  to  his  api)lioation  for  patent.  The  possessory  owner  of  a  lode- 
claim  can  therefore  rest  undisturbed  while  proceedings  are  taken  to 
acquire  a  placer-patent,  though  the  grant  of  the  latter  may  com- 
pletely surround  his  claim.  He  knows  that  the  placer-patentee  has 
by  a  tacit  disclaimer  strengthened  his  lode-title,  and  that  subse- 
quently, if  he  should  wish  in  his  turn  to  apply  for  a  lode-patent,  the 
owner  of  the  placer  could  not  set  up  an  adverse  claim  of  any  prior 
date. 

It  appears,  therefore,  that  Judge  McCrary's  conclusion  that  a 
lode  "  known  to  exist,"  according  to  Section  2833,  must  be  a  lode 
already  discovered  and  located,  is  the  only  one  which  leaves  the 
statute  consistent  with  itself  or  practicable  in  application. 

The  Interior  Department  and  the  General  Land  Office  have  had 
something  to  say  in  this  connection.  In  the  case  of  Becker  et  al.  v. 
Seam  (1  L.  0.  Dec.  560,  quoted  by  Surveyor-General  Dawson  in  the 
decision  discussed  in  a  previous  foot-note),  Secretary  Teller  says  of  Sec- 
tion 2333:  "  It  carves  out  from  a  patent  to  a  placer  all  known  lodes 
found  thereon  at  the  date  of  application,  together  with  25  feet  of  sur- 
face-ground on  both  sides,  as  incident  thereto."  And  the  General 
Land  Office,  in  Searl  et  al.  v.  Finn  (10  Copp^s  Land  Owner,  119, 
also  quoted  by  Mr.  Dawson),  states  the  proof  required  in  such  a  case 
as  follows: 
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"  Before  an  application  for  a  Kxle-claim  (within  a  placer-patent)  can  be  received, 
applicant  must  atlirmatively  and  satisfactorily  show  liis  acquaintance  with  and 
actual  existence  of  the  Knle  and  mine,  and  its  true  location  witiiin  the  placer,  and 
tliat  its  existence  was  known  prior  to  the  date  of  the  placer  apjilication  ;  and  he 
ninst  set  forth  such  tacts  as  clearly  siiow  how  the  existence  of  such  lode  at  that  time 
l>ecan>e  known  :  and  a  statement  under  oath  of  mere  conclusions  or  o|)inion  will  not 
be  sufficient  to  establish  the  existence  of  the  lode.  Applicant's  affidavit  must  be 
full,  dear,  and  s[)ecitic  upon  the  point  indicated." 

This  dtx^s  not  go  to  the  length  of  Judge  McCrary's  opinion.  It 
implies  that  other  proof  of  the  prior  knowledge  of  a  lode  in  such  a 
case  niay  Im?  received  than  the  record  of  its  prior  location;  and  it 
may  imply  also  that  such  prior  knowledge  need  not  be  brought  home 
to  the  placer-claimant.  But  it  fully  sustains  the  argument  that 
nothing  short  of  discovery  constitutes  legal  knowledge  of  existence. 

There  are  two  decisions  of  Judge  C.  F.  Wade,  of  the  Supreme 
Court  of  Montana,  which  boar  uj)on  this  question.  The  first  is  in 
Maude  V.  Xoi/es  (5  Pac.  Rep.,  856),  a  case  in  which  it  was  pleaded 
by  the  placer-claimant,  that  although  a  lode-claim  had  actually  been 
located  within  his  boundaries  before  his  application,  its  existence 
was  not  known  to  him.  In  deciding  this  case  against  the  placer- 
claimant.  Judge  Wade  said  : 

"  Section  2320  defines  the  extent  of  a  lode  mining  claim,  and  provides  that  .... 
This  is  the  kind  of  a  lode  mining  claim  referred  to  in  the  section  above  quoted, 

and  which,  if  known  to  exist There  is  a  vast  difference  between  a  vein  or 

lode  and  a  vein  or  lode  raining  claim.  A  vein  or  lode  may  be  entirely  concealed 
beneath  the  earth's  surface,  and  unknown  to  exist,  while  a  lode  mining  claim  is  on 
the  surface,  exposed  to  view " 

After  substantially  declaring  that  a  lode  mining  claim,  if  existing 
at  all,  cannot  be  legally  unknown  to  exist,  he  continues  : 

"The  location  of  a  quartz  lode  mining  claim  perfected  according  to  law  creates 
an  existing  outstanding  grant  of  the  exclusive  right  to  the  possession  and  enjoy- 
ment of  all  the  snrface-ground  included  within  the  boundaries  of  the  claim;  and 
such  a  location  is  just  as  much  a  withdrawal  from  the  public  domain  of  the  right 
to  the  possession  of  the  property  located,  as  is  the  fee  withdrawn  by  a  valid  grant 
from  the  United  .States  under  the  authority  of  law,  or  the  possession  by  a  valid  and 
subsisting  homestead  or  pre-emption  entry.  Such  a  location,  when  perfected,  has 
the  effect  of  a  grant  by  the  United  States  of  the  right  of  present  and  exclusive 
possession." 

The  argument  here  is  twofold  :  First,  the  existence  of  a  located 
claim  is  a  matter  which  everybody  must  be  legally  presumed  to 
know.  Second,  such  a  claim  is-  itself  a  grant  from  the  United 
States,  and  hence,  no  subsequent  claimant  of  a  tract  including  it  can 
get  possession  of  it  under  Section  2333,  on  the  plea  that  it  was  to 
him  unknown. 


288  LODE-LOCATIONS. 

The  other  case  in  Montana  is  Raimhelm  v.  DM  (9  Pac.  Rep., 
892).  Here  the  placer-location  was  made  in  February,  1880,  the 
lode  was  discovered  (but  not  actually  exposed  within  the  placer- 
claim)  March  9th,  1881,  and  the  placer-application  was  made  July 
16th,  1881,  and  not  opposed  by  the  lode-claimant. 

The  jury  found  for  the  placer-claimant,  and  the  Territorial  Su- 
preme Court  confirmed  the  verdict  on  appeal.  Judge  Wade  used 
the  following:  lang-uag-e: 

"The  testimony  conclusively  showed  that  at  the  time  of  said  application  no 
quartz-vein  or  lode  was  known  to  exist  within  the  boundaries  of  said  placer-claim. 
The  discovery  shaft  of  the  Betsy  Dahl  lode  was  not  within  tlie  boundaries  of  the 
placer-claim,  but  was  200  or  300  feet  outside  of  said  boundaries;  and  tlie  theory 
that  the  vein  ran  within  said  boundaries  was  the  merest  speculation,  without  any 
evidence  to  support  it.  There  were  no  indications  of  a  lead  or  vein  within  the 
boundaries  of  the  placer-claim.  There  is  no  proof  whatever  that  the  respondent 
was  in  possession  of  a  vein  or  lode  within  the  boundaries  of  his  placer-application. 
Tliere  is  no  proof  that  any  such  vein  or  lode  existed.  The  discovery  of  the  Hetsy 
Dahl  lode  200  or  300  feet  outside  of  such  boundaries,  raises  no  presumption  of  tlie 
possession  of  a  vein  or  lode  by  the  respondent  within  the  boundaries  of  his  placer- 
claim.  If  said  discovery  had  been  within  said  boiTudaries,  and  in  pursuance  thereof 
a  vein  or  lode  had  been  properly  located  there,  then  the  respondent,  in  making 
application  for  a  placer-patent,  could  have  been  presumed  to  know  of  the  existence 
of  such  lode  or  vein.  But  no  such  presumption  arises  in  a  case  where  the  dis- 
covery is  outside  of  said  boundaries,  and  there  is  no  indication  of  a  lode  within 
them." 

I  do  not  find  in  the  rej)ort  of  this  case  any  statement  that  the 
claim  located  on  the  lode  in  question  extended  into  the  placer-claim. 
If  it  did,  then  this  decision  would  be,  as  1  shall  show,  not  only 
clearly  erroneous,  but  quite  contradictory  of  the  rule  laid  down  by 
the  same  judge  in  the  case  of  Mantle  v.  Noyes,  as  to  the  force  of  a 
lode-location.  I  feel  morally  certain  that  in  the  case  now  before  us 
the  lode-claimant  had  a  location  entirely  outside  of  the  placer-claim, 
and  so  situated  that  he  could  not  plead  his  extra-lateral  right  as  to 
any  ground  within  that  claim,  or  else  he  had  no  location  at  all  any- 
where (of  earlier  date  than  the  placer-application),  and  was  merely 
addncing  the  discovery  of  a  vein  and  the  location  of  a  lode-olaim 
by  some  third  party,  as  evidence  of  the  knowledge  of  the  existence 
of  such  vein  several  hundred  feet  away.  In  this  view,  the  decision 
is  clearly  right,  and  covers  precisely  the  Reynolds  and  the  Sullivan 
cases,  in  which  the  United  States  Supreme  Court  did  not  meet  the 
essential  question. 

But  the  language  of  Judge  Wade,  in  Rannheim  v.  Dahl,  taken 
literally  and  by  itself,  goes  further  than  he  intended.  On  one  })oint, 
the  statute   is  clear.     It   is   not  merely  at   the  time  of  locating  a 
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placer-daim,  but  at  the  time  of  subsequent  application  tor  patent, 
that  Section  2333  becomes  operative.  A  man  may  locate  and  define 
a  placer-claim,  containing  at  that  time  no  known  lodes.  But  if  a 
lixle  Ik"  sul)sequently  discovered  within  it,  prior  to  his  application, 
he  must  formally  claim,  or  forever  disclaim,  possessory  title  to  it. 
Let  us  suppose  that  A  has  a  placer-location,  and  B,  discovering  a 
kxie  outside  of  it,  which  is  running  towards  and  apparently  into  it, 
locates  on  that  lode  a  claim  of  legal  dimensions,  which  occu|)ie.s  part 
of  A's  placer-claim.  This  location  is  niade  after  A's  location,  but 
before  his  ai>plication  for  patent.  In  this  case,  I  suppose  that  B's 
lode-location  wouKl  be  held  invalid  as  to  that  part  within  A's  loca- 
tion, because  the  latter,  while  possessed  and  worked  according  to  law, 
is  withdrawn  from  the  public  domain.  But  for  the  same  reason,  B 
couUl  not  enter  upon  it  to  find  a  lode  within  it;  and  hence,  no  valid 
lode-location  could  be  made  within  it  after  the  placer-location  had 
been  made,  and  while  the  placer-claim  was  maintained  without 
la|)se.  This  might  bring  us  again  to  the  situation  already  described  ; 
for  B  might  accidentally,  or  as  an  intruder  upon  A's  claim,  actually 
expose  a  lode  therein,  or  A,  in  working  his  placer-claim,  might  expose 
a  lode  and  neglect  to  locate  it ;  and  B  might  thereupon  step  in  and 
"discover"  and  go  through  the  form  of  locating  it,  perhaps  without 
A's  knowledge;  so  that  when  A  came  to  make  application  for 
patent,  there  might  be  a  discovered  lode  (though  not  a  valid  loca- 
tion) within  his  claim.  If  such  a  lode  comes  within  Section  2333, 
then  it  is  owned  by  the  United  States,  but  is  not  accessible  to  any- 
body but  A,  who,  although  he  may  have  disclaimed  "  possession" 
of  it,  can  work  it  to  his  heart's  content  without  interference. 

To  eliminate  this  feature  of  the  case,  let  us  suppose  that  B's  lode- 
location  is  prior  to  xV's  placer-location,  but  A,  in  laying  out  his 
placer-claim,  includes  within  it,  say,  200  feet  of  B's  lode-claim — a 
part  of  B's  claim  in  which  no  lode  has  ever  been  found.  B's  dis- 
covery-shaft, we  will  assume,  is  a  thousand  feet  away,  and  the  nearest 
pit  in  which  he  has  found  the  apex  of  the  lode  is  500  feet  away 
from  A's  line.  A  makes  application  for  patent,  and  swears  that  no 
lode  is  known  to  exist  within  his  claim.  B  makes  no  application 
for  patent,  and  files  no  adverse  claim,  but  goes  on  working  his  mine 
under  possessory  title.  Subsequently  A  attempts,  by  virtue  of  his 
placer-patent,  to  get  possession  of  the  extreme  200  feet  of  B's  loca- 
tion, which  the  patent  nominally  covers. 

This  is  a  case  in  which  the  last-quoted  decision  of  Judge  Wade 
would  literally  apply.    For  the  testimony  would  show  clearly  "  that 
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at  the  time  of  said  application  no  quartz-vein  or  lode  was  known  to 
exist  within  the  boundaries  of  the  said  placer-claim."  The  dis- 
covery shaft  was  a  thousand  feet  away  ;  the  nearest  exposure  was 
five  hundred  feet  away,  and  "  the  theory  that  the  vein  ran  within 
said  boundaries  was  the  merest  speculation,  without  any  evidence  to 
support  it."  Hence  the  case,  upon  such  reasoning,  would  be  (most 
unjustly)  given  to  A.  And  if  the  "  known  lode"  of  Section  2333 
be  merely  a  lode,  and  not  a  valid  lode-claira,  it  is  hard  to  escape 
such  a  conclusion. 

Yet  this  conclusion  would  be  palpably  in  contradiction  of  other 
sections  of  the  law.  I  need  not  here  explain  the  simple  proposition 
that  the  law  does  not  require  a  lode  to  be  exposed  at  all  points 
throughout  a  proposed  location,  before  the  location  can  be  validly 
made.  The  lode  must  simply  be  discovered  somewhere  within  it. 
That  being  done,  and  the  claim  located,  the  locator  has  at  once  all 
the  rights  which  a  placer-claimant  could  have,  and  the  extra-lateral 
right,  dependent  upon  the  apex,  besides.  If  it  be  subsequently 
proved  that  his  location  does  not  contain  throughout  its  entire  length 
the  apex  of  the  located  lode,  that  fact  affects  his  extra-lateral  rights 
as  to  all  lodes  having  their  apexes  within  his  claim  ;  but  it  does  not 
at  all  affect  his  exclusive  right  to  the  surface  of  his  claim,  and  to  all 
mineral  beneath  it  not  covered  by  the  extra-lateral  rights  of  neighbor- 
ing lode-locations.  Hence  B's  location,  if  made  before  A's,  is  with- 
drawn absolutely  from  the  public  domain,  so  long  as  B  occupies  it. 

The  same  result  is  reached  in  another  way.  B's  location,  thus 
legally  made  upon  a  discovery  outside  of  A's  subsequent  claim,  is 
presumptive  proof  and  public  notice  to  A  and  the  world,  that  a 
lode  is  known  to  exist  throughout  it.  And  if  A,  on  the  ground 
that  no  lode  has  been  actually  exposed  within  his  lines,  ignores  B's 
location  in  his  application,  he  disclaims  "the  right  of  possession  of 
the  vein  or  lode  claim,"  in  the  exact  words  of  Section  2333. 

To  put  the  situation  in  a  nutshell  :  there  may  be  within  a  placer- 
claim  part  of  a  lode-location,  not  containing  any  exposure  of  a  lode, 
yet  valid  by  reason  of  a  discovery  outside  the  placer-claim  ;  in  such  a 
case,  Section  2333  clearly  reserves  the  lode-location  from  the  placer- 
patent ;  hence  it  is  the  claim,  and  not  the  lode  merely,  which  is 
meant  by  that  section. 

These  considerations  are  confirmed  by  the  following  summary 
argument,  which  I  now  offer  in  conclusion  on  this  head,  namely  : 

1.  The  knowledge  of  a  lode  required  to  involve  disclaimer  of  it 
under  Section  2333,  cannot  be  Jess  than  the  knowledge  required  to 
secure  possessory  title  to  it.     If  the  placer-claimant,  alleging  that 
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he  has  a  Itnle  within  his  claim,  and  seeking  to  liave  it  exph'citly 
inclii(le<1  in  liis  jvitent,  cannot  swear  that  he  1ms  fonnil  it,  or  even 
say  exactly  where  it  is,  the  Land  Office  will  not  give  him  such  a 
patent  as  he  asks.  For  such  a  patent  would  include  a  certain  extra- 
lateral  right.  The  lode  might  dip  (uitside  of  the  placer-claim,  and 
under  such  a  patent  the  owner  could  follow  it.  But  this  extra- 
lateral  right  is  given  only  to  locators  upon  the  apexes  of  discovered 
kxles.  Now  if  the  placer-claimant  has  no  such  knowledge  of  a  lode 
as  would  enable  him  to  comply  with  Section  2333  in  describing  and 
claiming  it,  then  he  has  no  such  knowledge  as  can  be  construed  into 
a  disclaimer.  Thegrasj>  of  this  logic  is  absolute.  There  is  no  knowl- 
edge of  a  lode  recognized  by  the  Land  Office  or  the  law  except  the  actual 
discovery  of  the  lode  within  a  given  location.  The  United  States  re- 
fuses to  give  a  lode-claim  out  of  its  own  lands  to  any  one  who  has 
not  actually  discovered  a  lode  within  it.  Can  it  be  more  liberal  with 
lands  which  it  has  already  deeded  away,  than  with  its  own  domain  ? 
2.  The  best  evidence  of  discovery  is  the  location  and  record. 
Apart  from  the  arguments  based  on  the  phraseology  of  Sections  2320 
and  2333,  I  think  this  should  be  the  evidence  required  in  such 
cases.  At  the  very  least,  the  absence  of  such  record  should  be  most 
satisfactorily  explained,  before  mere  allegations  of  prior  knowledge 
should  be  admitted  in  lieu  of  it.  Reasonable  certainties,  confident 
expectations  and  beliefs,  general  opinions,  geological  inferences,  and 
all  such  indirect  evidences  of  existence,  should  not  be  admitted  at 
all  to  prove  knoivledge  of  existence.  Against  such  unsubstantial 
assaults  as  these,  the  potency  of  the  patent  of  the  United  States 
ought  indeed  to  be  "  iron-clad." 

III.    The  End-Lines  and  the  Extra-Lateral  Right. 

Another  of  the  Iron  Silver  Mining  Co.'s  cases  has  been  decided 
by  the  United  States  Supreme  Court,  namely,  the  case  against  the 
Elgin  Mining  and  Smelting  Co.,  involving  the  difficult  and  im- 
portant question  of  end-lines. 

The  suit  concerned  the  title  to  certain  mining  ground,  conceded 
to  lie  under  the  surface  of  the  Gilt  Edge  location  of  the  Elgin  Co., 
but  worked  by  the  Iron  Co.  and  claimed  by  that  company  as  being 
part  of  a  vein,  the  apex  of  which  was  located  in  the  Stone  claim, 
and  which  the  Iron  Co.  had  followed  on  the  dip  into  the  Gilt  Edge. 
The  situation  will  appear  from  the  accompanying  diagram. 

The  Stone  location  follows  the  outcrop  of  the  vein  around  an  ap- 
parent bend,  produced  by  the  erosion  of  the  surface.  In  other  words, 
though  the  true  course  of  the  vein  is  uniform,  the  erosion  of  a  cafion 
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exposes  the  outcrop  of  the  vein  along  one  side  of  the  cailon,  across 
it,  and  along  the  other  side.  Hence  the  location,  following  (in  ac- 
cordance with  the  Flagstaif  decision)  the  surface-outcrop,  is  not,  and 
could  not  be,  a  parallelogram,  but  has  the  form  of  a  horse-shoe.  To 
comply  with  the  letter  of  the  statute,  two  end-lines  were  arbitrarily 
made  parallel  in  the  survey  ;  but  one  of  these  (the  southern  one)  is 
not  strictly  an  end-line,  and  the  direction  of  both  is  such  that  vertical 
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Diagram  showing  Stone  and  Gilt  Edge  Claims.  Leadville,  Colorado.     The  top    of 
the  Diagram  is  nearly  North. 

planes  drawn  through  them  would  not  enclose  the  Gilt  Edge  ground 
in  controversy. 

On  the  other  hand,  there  is  no  doubt  that  the  Stone  location  con- 
tains the  apex  of  that  part  of  the  Stone  ledge  which  constituted  the 
ground  in  controversy.  That  is  to  say,  if  the  surface-course  of  the 
vein  be  ignored,  and  its  true  course  and  dip  be  taken,  and  if  vertical 
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planes  be  drawn  across  tlie  vein,  at  rijjht  angles  to  its  course,  at  the 
points  where  it  leaves  the  Stone  location  at  the  two  ends,  those  planes 
would  include  the  whole  ground  in  controversy.  But  they  would 
not  coincide  with  the  existing  end-lines  of  the  claim. 

The  Iron  Co.  urged  that  the  end-lines  of  its  Stone  location  should 
be  drawn  by  the  Court,  not  as  they  had  been  drawn  by  the  surveyor, 
but  as  the  spirit  of  the  law  required,  viz.:  across  the  general  course 
of  the  vein;  and  tins  view  is  adopted  by  Chief  Justice  Waite,  who 
says:  "  The  end-lines  are  not  necessarily  those  which  are  marked 
on  the  map  as  such,  but  they  may  be  projected  at  the  extreme  points 
where  the  apex  leaves  the  location  as  marked  on  the  surface."  In 
this  opinion  Justice  Bradley  concurs  ;  but  the  majority  of  the  Court, 
in  an  able  opinion,  delivered  April  26th,  1886,  by  Justice  Field, 
take  a  different  view.  The  precise  point  before  the  Court  was  this: 
The  Elgin  Co.  et  a!.,  plaintiffs  below,  asserted  title  to  the  premises 
under  a  patent  for  the  Gilt  Edge  claim.  The  defendants  introduced 
a  patent  for  the  Stone  claim,  as  shown  in  the  diagram.  The  patent 
contains  the  following  grant: 

"Now,  know  ye  that  the  United  States  of  America,  in  consideration  of  the  pre- 
mises and  in  conformity  with  the  said  Revised  Statutes  of  the  United  States,  have 
piven  and  granted,  and  by  tliese  presents  do  give  and  grant,  unto  the  said  Alvinus 
B.  WckhI,  and  to  his  heirs  and  assigns,  the  said  mining  premises  liereinbefore  de- 
8cribe<J  as  lot  Xo.  217,  embracing  a  portion  of  the  unsurveyed  public  domain,  with 
the  exclusive  right  of  possession  and  enjoyment  of  all  the  land  included  within  the 
exterior  lines  of  said  survey  not  herein  expressly  excepted  from  these  presents,  and 
of  fifteen  hundred  (1500)  linear  feet  of  the  said  Stone  vein,  lode,  ledge,  or  deposit, 
for  the  length  hereinbefore  described,  throughout  its  entire  depth,  although  it  may 
enter  tlie  land  adjoining,  and  also  of  all  other  veins,  lodes,  ledges,  or  deposits, 
throughout  their  entire  depth,  the  tops  or  apexes  of  which  lie  inside  the  exterior 
lines  of  said  survey  at  the  surface  extended  downward  vertically,  although  such 
veins,  lo<les,  ledges,  or  deposits,  in  their  downward  course,  may  so  far  depart  from 
a  perpendicular  as  to  extend  outside  the  vertical  side  lines  of  said  survey  :  Provided, 
That  the  right  of  possession  hereby  granted  to  such  outside  parts  of  said  veins, 
lodes,  ledges,  or  deposits,  shall  be  confined  to  such  portions  thereof  as  lie  between 
vertical  planes  drawn  downward  through  the  end-lines  of  said  survey  at  the  surface,  so 
continued  in  their  own  direction  that  such  vertical  planes  will  intersect  such  ex- 
terior parts  of  said  veins,  lodes,  ledges,  or  deposits:  And  provided  further,  That 
nothing  in  this  conveyance  shall  authorize  the  grantee  herein,  his  heirs  or  as- 
signs, to  enter  upon  the  surface  of  a  mining  claim  owned  or  possessed  by  another: 
To  have  and  to  hold  said  mining  premises,  together  with  all  the  rights,  privileges, 
immunities  and  appurtenances,  of  whatsoever  nature,  thereunto  belonging,  unto  the 
said  Alviniis  B.  Wood,  and  to  his  heirs  and  assigns,  forever,  subject,  nevertheless,  to 
the  following  conditions  and  stipulations  : 

"  F'irst.  That  the  grant  hereby  made  is  restricted  to  the  land  hereinbefore  de- 
scribed as  lot  No.  217,  with  fifteen  hundred  (1500)  linear  feet  of  the  Stone  vein,  lode, 
ledge,  or  deposit  for  the  length  aforesaid,  throughout  its  entire  depth  as  aforesaid, 
together  with  all  other  veins,  lodes,  ledges,  or  deposits,  throughout  their  entire  depths 
as  aforesaid,  the  tops  or  apexes  of  which  lie  inside  the  exterior  linea  of  said  survey. 


294  LODE-LOCATIONS. 

"  Second.  That  the  premises  hereby  conveyed,  with  the  exception  of  the  sur- 
face, may  be  entered  by  the  proprietor  of  any  other  vein,  lode,  ledge,  or  deposit, 
the  top  or  apex  of  wliich  lies  outside  the  exterior  limits  of  said  survey,  should 
tlie  same  in  its  downward  course  be  found  to  penetrate,  intersect,  extend  into,  or 
underlie  tiie  premises  hereby  granted,  for  the  purpose  of  extracting  and  removing 
the  ore  from  such  other  vein,  lode,  ledge,  or  deposit. 

"  Tliird.  That  the  premises  hereby  conveyed  shall  be  held  subject  to  any  vested 
and  accrued  water-rights  for  mining,  agriculture,  manufacturing,  or  other  purposes, 
and  rights  to  ditches  and  reservoirs  used  in  connection  with  such  water-rights  as  may 
be  recognized  and  acknowledged  by  the  local  laws,  customs,  and  decisions  of  courts. 

"Fourtli.  That  in  the  absence  of  necessary  legislation  by  Congress  the  legis- 
lature of  Colorado  may  provide  rules  for  working  the  mining  claim  or  premises 
hereby  granted,  involving  easements,  drainage,  and  other  necessary  means  to  its 
complete  development." 

In  addition  to  this  documentary  evidence,  the  defendant  offered 
to  prove  : 

1.  That  the  St(me  vein,  lode,  or  ledge  mentioned  in  the  patent  is  a  vein,  lode,  or 
ledge  of  rock  in  place  bearing  iron,  lead,  and  silver  in  large  quantities,  and  is  value- 
able  on  account  thereof. 

2.  That  tiie  top,  apex,  and  outcrop  of  the  vein,  lode,  or  ledge  exist,  and  are 
found  in  the  Stone  surface  claim  tiirough  its  entire  extent  from  north  to  south 
between  walls  of  rock  in  place,  a  limestone  foot  wall,  and  a  porphyry  hanging  wall. 

3.  Tiiat  the  true  strike  of  tlie  vein,  lode,  or  ledge  is  north  and  south,  and  has  a 
dip  to  the  east  at  an  angle  of  15°  below  the  plane  of  the  horizon. 

4.  Tliat  the  vein,  lode,  or  ledge,  on  its  dip  within  vertical  planes  drawn  down- 
ward tiirough  the  end-lines  of  the  vein,  lode,  or  ledge,  so  existing  and  found  within 
the  Stone  surface  mining  claim,  and  continued  in  their  own  direction,  viz.,  in  the 
direction  of  tlie  dip  of  the  vein,  lode,  or  ledge,  passes  throiigli,  out  of,  and  beyond 
the  east  vertical  side  line  of  the  Stone  surface  claim  and  location  into  lands  adjoin- 
ing, to  wit,  into  and  under  the  said  Gilt  Edge  surface  claim. 

5.  That  while  the  defendant  admits  that  underneath  the  surface  of  the  Gilt  Edge 
surface  claim  it  has  followed  and  mined  in  and  upon  the  Stone  vein,  lode,  or  ledge, 
by  reason  of  the  facts  and  premises  above  set  forth,  it  had  a  right  so  to  do,  and  that  it 
has  not  otherwise  in  any  way  interfered  with  said  Gilt  Edge  claim,  or  any  part  thereof. 

To  which  plaintiffs  objected,  on  the  ground  that  the  proffered 
proof"  would  not  be  a  defence  to  the  action  nor  tend  to  establish  a 
defence  thereto,  and  that,  by  reason  of  the  surface-form  or  shape 
of  the  Stone  claim,  its  owners  had  no  right  under  the  laws  of  the 
United  States  or  otherwise  to  follow  the  lode  alleged  to  exist  therein 
in  its  downward  course  beyond  the  lines  of  the  claim  and  into 
phiintiffs' claim  ;  and  that  no  part  of  the  Gilt  Edge  claim  or  the 
mineral  or  lode  within  it  was  within  vertical  planes  drawn  down- 
wai'd  through  the  end-lines  of  the  Stone  claim  and  continued  in- 
delinitely  in  their  own  direction.  The  Court  sustained  the  objection 
and  excluded  the  evidence  offered,  to  which  ruling  the  defendant 
excepted. 
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No  other  evidence  being  oflfered,  the  Conrt  below  found  the  issues 
in  favor  of  the  plaintitt's,  and  jiidgnuMit  was  entered  aecordingly. 
The  appeal  consequently  presented  but  one  question,  Was  the  evi- 
dence otTereil  by  the  defendants  properly  excluded?  The  opinion 
of  the  Court  is  as  follows  : 

"The  question  presented  for  our  decision  is  one  of  great  interest  to  miners  on  the 
public  lands,  and  with  respect  to  it  much  difference  of  opinion  exists.  This  differ- 
ence has  arisen  from  a  consideration,  on  the  one  hand,  of  what  would  properly  be 
raile<1  the  true  end-lines  of  a  claim  upon  a  lode  of  a  specified  length  and  width, 
after  it  has  been  opened  by  explorations,  and  its  general  course  and  direction  are 
seen;  and  a  consideration,  on  the  other  hand,  of  the  statute  requiring  the  location 
of  a  claim  to  be  distinctly  marked  on  the  ground,  so  that  its  boundaries  may  be 
reailily  tnicetl.  Such  location  often  precedes  any  extended  explorations,  and  is, 
therefore,  made  without  accurate  knowledge  of  the  course  and  direction  of  the  vein. 
When  a  vein  has  been  discovered,  the  rules  of  miners,  and  the  legislative  regulations 
of  mining  States  and  Territories  generally  allow  some  specified  time  for  explora- 
tions before  the  location  is  definitely  marked.  But  miners  discovering  a  lode  are 
sometimes  in  such  haste  to  locate  their  claim,  and  mark  its  extent  and  boundaries 
on  the  surface,  that  they  omit  to  make  sufficient  explorations  to  guide  them  aright 
in  measuring  the  groinid,  and  fixing  its  end  lines.  Hence  efTorts  are  not  infre- 
quently made  to  change  those  lines  when  the  true  course  and  direction  of  the  vein 
are  ascertained  by  subsequent  developments. 

"The  framers  of  the  statute  of  1872  evidently  proceeded  upon  the  theory  that  a 
claim  on  a  lode,  following  its  outcroppings  on  the  surface  for  the  distance  allowed, 
with  a  definite  extension  on  each  side  of  the  middle  of  the  vein,  would  generally 
take  the  form  of  a  parallelogram.  It  provided  that  the  length  of  a  claim,  subse- 
quently located,  whether  by  one  or  more  persons,  should  not  exceed  fifteen  hundred 
feet ;  that  its  extension  on  each  side  of  the  middle  of  the  vein  at  the  surface  should 
not  exceed  three  hundred  feet;  and  that  its  end-lines  should  be  parallel  to  each 
other.  fR.S.,  2320.)  A  section  of  the  lode  within  vertical  planes  drawn  downward 
through  the  lines  marked  on  the  surface  was  designed  as  the  grant  to  the  original 
locator,  but,  as  the  vein  in  its  downward  course  might  deviate  from  a  perpendicular 
and  pass  out  of  the  side  lines,  the  right  was  conferred  to  follow  it  outside  of  them, 
but  within  planes  through  the  end-lines  drawn  vertically  downward,  and  continued 
in  their  own  direction.  The  language  of  that  statute,  as  carried  into  the  Revised 
Statutes,  is  as  follows  : 

"  'The  locators  of  all  mining  locations  heretofore  made,  or  which  shall  hereafter 
be  made,  on  any  mineral  vein,  lode,  or  ledge,  situated  on  the  public  domain,  their 
heirs  and  assigns,  where  no  adverse  claim  exists  on  the  tenth  day  of  May,  eighteen 
hundred  and  seventy-two,  so  long  as  they  comply  with  the  laws  of  the  United 
States,  and  with  State,  territorial,  and  local  regulations  not  in  conflict  with  the  laws 
of  the  United  States  governing  their  possessory  title,  shall  have  the  exclusive  right 
of  [Kwsession  and  enjoyment  of  all  the  surface  included  within  the  lines  of  their 
locations,  and  of  all  veins,  lodes,  and  ledges  throughout  their  entire  depth,  the  top 
or  apex  of  which  lies  inside  of  such  surface  lines  extended  downward  vertically, 
although  such  veins,  lodes,  or  ledges  may  so  far  depart  from  a  perpendicular  in 
their  course  downward  as  to  extend  outside  the  vertical  side  lines  of  such  surface 
locations.  But  their  right  of  pos.session  to  such  outside  parts  of  such  veins  or  ledges 
shall  be  confined  to  such  portions  thereof  as  lie  between  vertical  planes  drawn  down- 
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ward,  as  above  described,  tlioiigh  the  end-lines  of  their  locations,  so  continued  in 
their  own  direction  tiiat  such  planes  will  intersect  such  exterior  parts  of  such  veins 
or  ledges.  And  nothing  in  this  section  shall  authorize  the  locator  or  possessor  of  a 
vein  or  lode  which  extends  in  its  downward  course  beyond  the  vertical  lines  of  his 
claim  to  enter  u[)on  the  surface  of  a  claim  owned  or  possessed  by  another.'  (R.  S., 
see.  2322.) 

"  This  section  appears  sufficiently  clear  on  its  face.  There  is  no  patent  or  latent 
ambiguity  in  it.  The  locators  have  the  exclusive  right  of  possession  and  enjoyment 
of 'all  the  surface  included  within  the  lines  of  their  locations,'  and  the  location,  by 
another  section,  must  be  distinctly  marked  on  the  ground  so  that  its  boundaries  can 
be  readily  traced.  (R.  S.,  sec.  2324.)  They  have  also  the  exclusive  right  of  pos- 
session and  enjoyment  'of  all  veins,  lodes,  and  ledges  throughout  their  entire  depth, 
the  top  or  apex  of  which  lies  inside  of  such  surface  lines  extended  downward  ver- 
tically, altlioLigh  sucii  veins,  lodes  or  ledges  may  so  far  depart  from  a  perpendicular 
in  their  course  downward  as  to  extend  outside  the  vertical  side-lines  of  said  surface 
locations.'  The  surface  side-lines  extended  ^downward  vertically  determine  the  ex- 
tent of  the  claim,  except  when  in  its  descent  the  vein  passes  outside  of  them,  and 
the  outside  portions  are  to  lie  between  vertical  planes  drawn  downward  through  the 
end-lines.  This  means  the  end-lines  of  the  surface-location,  for  all  locations  are 
measured  on  the  surface. 

"The  difficulty  arising  from  the  section  grows  out  of  its  application  to  claims 
where  the  course  of  the  vein  is  so  variant  from  a  straight  line  tiiat  the  end-lines  of 
the  surface  location  are  not  parallel,  or,  if  so,  are  not  at  a  right  angle  to  the  course 
of  the  vein.  This  difficulty  must  often  occur  where  the  lines  of  the  surface-loca- 
tion are  made  to  control  the  direction  of  the  vertical  planes.  The  remedy  must  be 
found,  until  the  statute  is  changed,  in  carefully  making  the  location,  and  in  post- 
poning the  marking  of  its  boundaries  until  explorations  can  be  made  to  ascertain, 
as  near  as  possible,  the  course  and  direction  of  the  vein.  In  Colorado  the  statute 
allows  for  this  purpose  sixty  days  after  notice  of  the  di.scovery  of  the  lode.  Then 
the  location  must  be  distinctly  marked  on  the  ground,  and  thirty  days  thereafter 
are  given  for  the  preparation  of  the  proper  certificate  of  location  to  be  recorded. 
Erhardt  v.  Boaro,  113  U.  S.,  527,  533.  Even  then,  with  all  the  care  possible,  the 
end-lines  marked  on  the  surface  will  often  vary  greatly  from  a  right  angle  to  the 
true  course  of  the  vein.  But  whatever  inconvenience  or  hardship  may  thus  happen, 
it  is  better  that  the  boundary-planes  should  be  definitely  determined  by  the  lines 
of  the  surface-location,  than  that  they  should  be  subject  to  perpetual  readjustment 
according  to  subterranean  developments  made  by  mine-workings.  Such  readjust- 
ment at  every  discovery  of  a  change  in  the  course  of  the  vein  would  create  great 
uncertainty  in  titles  to  mining  claims.  The  rule,  whatever  hardship  it  may  work 
in  particular  cases,  should  be  settled,  and  thus  prevent,  as  far  as  practicable,  such 
uncertainty. 

"  If  tlie  first  locator  will  not  or  cannot  make  the  explorations  necessary  to  ascer- 
tain the  true  course  of  the  vein,  and  draw  his  end-lines  ignorantly,  he  must  bear 
the  consequences.  He  can  only  assert  a  lateral  right  to  so  much  of  his  vein  as  lies 
between  vertical  planes  drawn  through  those  lines.  Junior  locators  will  not  be 
prejudiced  thereby,  though  subsequent  explorations  may  show  that  he  erred  in  his 
location. 

"The  provision  of  the  statute,  that  the  locator  is  entitled  throughout  their  entire 
depth  to  all  the  veins,  lodes,  or  ledges,  the  top  or  apex  of  which  lies  inside  of  the 
surface  lines  of  his  location,  tend  strongly  to  show  that  the  end-lines  marked  on  the 
ground  must  control.     It  often  happens  that  the  to^)  or  apex  of  more  than  one  vein 
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lies  witliin  such  surface  linos,  and  the  veins  n:ny  liave  diflerent  courses  and  dips, 
vet  his  right  to  tollowthem  ontsideof  the  side-lines  of  tiie  location  must  be  bounded 
bv  planes  drawn  vertically  throu-rh  the  same  end-lines.  The  planes  of  the  end- 
lines  cannot  be  drawn  at  a  right-angle  to  the  courses  of  all  the  veins  if  they  are  no 
identical. 

"It  is  also  a  fact  of  importance  that  the  Land  Department  has,  since  the  act  of 
1ST2,  followed  the  end-lines  as  marked  on  ti>e  surface,  and  lias  limited  the  extra- 
lateral  right  of  patentees  by  vertical  planes  drawn  down  through  such  end-lines; 
as  in  the  patent  to  Worn!  [the  Stone  patent]  in  this  case.  Any  decision  that  the 
department  erred  in  that  respect,  and  that  the  rights  of  the  patentees  were  different, 
would  disturb  titles  derived  from  such  patents,  and  load  to  great  confusion  and 
litigsition.  If  it  is  expedient  to  change  the  rule,  legislative  action  should  be  invoked, 
as  it  would  operate  only  in  the  future,  and  not  judicial  decision,  which  would  affect 
past  cases  as  well. 

"This  view  of  the  controlling  effect  of  the  end-lines  of  the  surface-location  is  also 
sustaine<I  by  the  decision  of  this  court  in  the  FlagstaflTcase.  {Flaggtnff  Mini-nxj  Co.  v. 
Tarbf:t,  98  U.  S.,  4t)3.)  There  the  court  said  that  '  the  most  practicable  rule  is  to 
regard  the  course  of  the  vein  as  that  which  is  indicated  by  surface  outcrop,  or  surface 
explorations  and  workings,'  and  that  '  it  is  on  this  line  that  claims  will  naturally  be 
laid,  whatever  be  the  character  of  tlie  surface,  whether  level  or  inclined,'  and  that 
the  end-lines  of  the  claim,  properly  so  called,  '  are  those  which  are  cross-wise  of  the 
general  course  of  the  vein  on  the  surface.'  The  Court  suggested  that  the  law  might 
be  imperfect  in  this  respect,  and  that  perhaps  the  true  course  of  the  vein  should 
correspond  with  its  strike  or  the  line  of  a  level  run  through  it;  but  it  added  that 
this  'can  rarely  be  ascertained  until  considerable  work  has  been  done,  and  after 
claims  and  locations  have  become  fixed.' 

"Under  the  act  of  1866,  ]>ara!lelism  in  the  end-lines  of  a  surface-location  was  not 
required  :  but  where  a  location  has  been  made  since  the  act  of  1872,  such  parallelism 
is  essential  to  the  existence  of  any  right  in  the  locator  or  patentee  to  follow  his 
vein  outside  of  the  vertical  planes  drawn  through  the  side-lines.  His  lateral  right 
by  the  statute  is  confined  to  such  portion  of  the  vein  as  lies  between  such  planes 
drawn  through  the  end-lines  and  extended  in  their  own  direction,  that  is,  between 
parallel  vertical  planes.     It  can  embrace  no  other  portion. 

"The  exterior  lines  of  the  Stone  claim  form  a  curved  figure  somewhat  in  the 
shape  of  a  horseshoe,  and  its  end-lines  are  not  and  cannot  be  made  parallel.  What 
are  marked  on  the  plat  as  end-lines  are  not  such.  The  one  between  numbers  5  and 
6  [marked  'south  end-line'  on  the  diagram]  is  a  side-line.  The  draughtsman  or 
surveyor  seems  to  have  hit  upon  two  parallel  lines  of  his  nine-sided  figure,  and 
apparently  for  no  other  reason  than  their  parallelism  called  them  end-lines. 

"  We  are,  therefore,  of  opinion  that  the  objection  that,  by  reason  of  the  surface 
form  of  the  Stone  claim,  the  defendant  could  not  follow  the  lode  existing  therein  in 
its  downward  course  beyond  the  lines  of  the  claim,  was  well  taken  to  the  oflTered 
proof.  Besides,  if  the  lines  marked  as  end-lines  on  the  plat  of  that  claim  can  be 
regarded  as  such  lines  of  the  location,  no  part  of  the  Gilt  Edge  claim  falls  within 
vertical  planes  drawn  down  through  those  lines  continued  in  their  own  direction. 
In  either  view  of  the  location  of  the  Stone  claim,  the  rejected  proof  would  have 
established  no  defence.  The  premises  in  controversy  are  admitted  to  be  under  the 
surface  lines  of  the  Gilt  Edge  claim  eastward  from  the  defendant's  claim,  and  the 
plaintifils  were  therefore  entitled  to  recover  them." 

Judgment  affirmed. 
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Mr.  Justice  Gray  did  not  hear  the  argument  nor  take  any  part  in  the  decision 
of  this  case. 

Mr.  Chief-Justice  Waite  dissenting. 

"  I  cannot  agree  to  this  judgment.  In  my  opinion  tlie  end-lines  of  a  mining 
location  are  to  be  projected  parallel  to  each  other  and  cross-wise  of  the  general 
couise  of  tlie  vein  within  the  surface  limits  of  the  location,  and  whenever  the  top 
or  apex  of  the  vein  is  found  within  the  surface  lines  extending  vertically  down- 
wards, the  vein  may  be  followed  outside  of  the  vertical  side-lines.  The  end-lines 
are  not  necessarily  those  which  are  marked  on  the  map  as  such,  but  they  may  be 
j)rojected  at  the  extreme  points  where  the  apex  leaves  the  location  as  marked  on 
the  surfiice." 

Mr.  Justice  Bradley  concurs. 

The  importance  of  this  opinion  justifies  the  foregoing  reproduction 
of  it  in  full.     Its  chief  points  may  be  summarized  as  follows  : 

1.  The  end-lines  of  a  claim,  properly  so  called,  are  those  which 
are  crosswise  of  the  general  course  of  the  vein  on  the  surface.  This 
was  already  declared  in  the  Flaufstaff  decision. 

2.  If  these  lines  are  not  parallel,  then  the  locator,  under  the  Act 
of  1872  (which  is  the  statute  now  in  force),  acquires  no  extra-lateral 
right  whatever,  to  any  part  of  any  lode  within  his  claim. 

3.  The  parallel  end-lines  are  absolutely  and  unalterably  conclu- 
sive of  the  boundaries  of  the  extra-lateral  right.  It  is  not  necessary 
that  they  be  at  right  angles  to  the  course  of  the  lode.  In  the  case 
represented  by  the  diagram,  I  understand  the  Court  to  declare 
substantially  that  if  the  apex  of  the  lode,  instead  of  crossing  at  C, 
had  swerved  a  little  further  west,  so  as  to  cross  the  "  south  end- 
line,"  that  would  have  been  a  true  end-line,  and  the  Stone  patent 
would  have  conveyed  the  right  to  the  lode  northeastward  between 
the  two  projected  end-lines ;  but  it  would  not  have  conveyed  the 
right  to  the  extra-lateral  portions  of  that  part  of  the  lode  from 
B  to  C,  and  hence,  not  to  the  Gilt  Edge  ground.  It  is  easy  to  see 
that  in  that  case,  the  Stone  claim  would  cut  away  northward  under 
the  claims  of  adjoining  locators  in  that  direction,  precisely  as  the 
Sitting  Bidl  claim  on  Custer  Hill,  Dakota,  does.  In  the  appendix 
to  "  The  Law  of  the  Apex"  {Transactions,  xii.,  677),  reviewing  the 
decision  of  Judge  Church,  of  Dakota,  in  the  Silver  Terra  v.  Sitting 
Bull  case,  and  in  the  paper  itself  (76.,  p.  437),  I  stated  both  sides  of 
this  end-line  question,  and  intimated  my  expectation  that  the  Su- 
preme Court  would  decide  it  as  it  has  now  done.  This  decision 
overrules  that  of  Judge  Church. 

In  this  connection  I  would  call  attention  to  an  acute  and  inter- 
esting letter  from  Mr.  Norman  T.  Mason,  published  in  Engineer- 
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itig  and  Mining  Jou null,  AprW  lOth,  1886,  and  to  my  editorial  reply- 
in  the  same  number.  Mr.  Mason  argues  in  favor  of  what  miglit  be 
called  the  judicial  rectification  of  end-lines,  that  is,  the  requirement 
that  the  planes  bounding  the  extra-lateral  right  shall  intersect  the 
lode  on  its  true  dip,  and  the  judicial  creation,  when  necessary,  of 
new  end-lines  fulfilling  that  condition,  which  is  the  operation  per- 
formeil  by  Judge  Church  on  the  Sitting  Bull  claim.  His  argument 
is  based  on  the  Congressional  history  of  the  Act  of  1872,  and  on  an 
ingenious  analysis  of  its  language.  He  also  criticizes  my  statement 
that  the  construction  for  which  he  contends  would  contravene  the 
general  usage  of  miners.  In  my  reply,  I  met  the  special  issues 
raised  by  these  arguments,  reiterating  my  former  declaration  that 
the  proposed  judicial  rectification  of  end-lines  seemed  to  contravene 
the  express  letter  of  the  law,  and  certainly  contravened  the  general 
usage  of  miners,  and  concluded  by  saying: 

"The  construction  of  the  law  advocated  by  our  correspondent  is  desirable  on 
many  grounds,  if  it  be  practicable.  AVhether  the  letter  of  the  law  will  permit  it,  is 
doulitful ;  but  the  Supreme  Court  can  take  the  letter  which  lower  tribunals  and 
commentators  cannot  take  ;  and  if  the  Supreme  Court  should  adopt  this  view,  we 
sliould  not  be  sorry,  even  though  it  might  thereby  disturb  lines  heretofore  supposed 
to  be  settled.  But  the  difficulties  of  the  case  are  so  great  that  the  law  itself  ought 
to  be  changed  to  meet  them." 

I  recognize  with  natural  pleasure  in  the  Elgin  decision  of  the 
Supreme  Court  phrases  and  arguments  which  I  had  previously  in- 
troduced into  this  discussion.  But  I  am  not  specially  concerned  to 
claim  credit  for  them.  Since  in  "The  Law  of  the  Apex  "  I  argued 
both  sides  of  the  question  as  exhaustively  as  I  knew  how,  it  was 
inevitable  that  a  decision  either  way  would  practically  repeat  some- 
thing that  I  had  said.  But  the  result  has  been,  as  to  the  controlling 
force  of  true  end-lines  once  drawn,  what  I  expected  it  would  be  ;  and 
whatever  hardships  it  involves  must  be  added  to  the  heavy  general 
account  already  accumulated  against  the  existing  system.  We  know 
at  least  where  we  stand  in  one  particular. 

But  the  Elgin  decision  goes  much  further.  In  the  editorial  arti- 
clejust  cited,  I  made  the  following  statement: 

"  There  are  two  distinct  questions  involved.  One  is,  Shall  the  surveyed  eud-liues  of 
a  location,  duly  made  and  even  patented,  be  the  lines  through  which  vertical  planes 
shall  be  drawn  to  bound  the  extra-lateral  rights  of  the  locator  or  patentee  on  all  lodes 
having  their  apexes  within  his  claim,  or  nmst  other  lines  be  drawn,  corresponding 
with  the  dip  of  the  vein  on  which  the  location  is  made?  The  other  is,  When  the 
apex  of  a  lode  does  not  cross  the  surveyed  end  line  at  all,  but  departs  from  the 
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claim  across  a  side-line,  so  that  under  the  Flagstaff  decision,  the  side-line  becomes 
an  end-line,  shall  the  vertical  bounding  plane  be  drawn  through  the  existing 
side-line,  or  parallel  with  the  other  end-line  (in  c-ase  the  latter  is  crossed  by  the 
apex)  or  at  right  angles  to  the  local  true  course,  or  the  general  true  course,  or 
the  local  or  general  surface-course,  of  the  lode?  Both  these  questions  are  multi- 
plex; but  the  distinction  between  them  is  manifest.  In  the  one  case,  a  line  already 
exists,  which  the  letter  of  the  statute  recognizes ;  in  the  other,  a  new  line  has  to  be 
drawn,  which  the  construction  of  the  statute  requires." 

It  is  the  answer  given  to  the  second  of  these  questions  by  the 
Snj)reme  Court  which  seems  to  involve  startling  consequences.  Ac- 
cording to  the  language  of  the  foregoing  decision  and  the  Flagstaff 
decision,  if  the  apex  of  the  lode  on  which  a  claim  has  been  located  does 
not  cross  the  surveyed  end-line  but  departs  from  the  claim  across  a 
side-line,  that  side-line  becomes  an  end-line.  In  the  Flagstaff  case, 
the  lode  crossed  both  side-lines,  and  there  were  therefore  two  i)aral- 
lel  end-lines.  But  in  most  such  cases,  through  error  in  the  survey, 
due  to  ignorance  as  to  the  entire  course  of  the  apex  through  the 
claim,  the  lode  will  be  found  to  cross  one  of  the  end-lines,  but  not 
the  other.  In  that  case  the  legal  end-lines  are  not  parallel.  It 
would  be  manifestly  illegal  and  unjust  to  project  them  as  they  are, 
as  boundaries  of  the  extra-lateral  right ;  and  in  the  passage  quoted 
above,  I  suggested  all  the  ways  I  could  conceive,  of  making  them 
parallel.  But  the  one  answer  which  I  did  not  imagine  is  the  one 
given  in  this  decision.  The  Court  declares  that  when  one  side-line 
becomes  an  end-line,  and  is  not  parallel  to  the  other  end-line,  the 
claim  is  one  which  can  have  under  the  law  no  extra-lateral  right  at 
all.  The  owner  cannot  follow  his  lode  on  its  downward  course  be- 
yond the  side-lines  anywhere. 

More  than  this:  if  a  location  contain  the  apexes  of  several  lodes 
and  the  one  first  discovered  and  made  the  basis  of  location  departs 
from  the  claim  across  one  side-line,  while  all  the  others  cross  both 
end-lines,  the  extra-lateral  right  is  void  as  to  all.  For  the  Court 
says  plainly  (and  justly)  in  connection  with  another  point,  *'It  often 
happens  that  the  top  or  apex  of  more  than  one  vein  lies  within  such 
surface-lines,  and  the  veins  may  have  different  courses  and  dips,  yet 
his  right  to  follow  them  outside  of  the  side-lines  of  the  location  must 
be  bounded  by  planes  drawn  vertically  through  the  same  end-lines." 

The  lode  upon  which  the  location  is  made  must  determine  the 
form  of  the  location,  which  must  follow  its  surface-outcrop,  or  its 
edge  nearest  the  surface,  wherever  that  goes ;  and  the  two  end-lines 
need  not  cross  that  "  apex  "  at  right-angles,  but  they  must  cross  it, 
and  they  must  be  parallel.     If  they  fail  in  the  first  particular,  the 
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lines  that  do  cross  the  apex  become  the  true  end-lines,  and  if  these  are 
]>arallel,  the  owner  is  lucky  ;  but  if  they  fail  in  the  second  particu- 
lar, there  is  no  remedy  ;  the  lode-olaim  is  no  lode-claim  at  all,  but 
a  small  and  high-priced  placer-claim. 

True,  the  Court  says  there  is  a  remedy,  which  "  must  be  found 
until  the  statute  is  changed,  in  carefully  making  the  location,  and  in 
postponing  the  marking  of  its  boundaries  until  explorations  can  be 
made  to  ascertain,  as  near  as  possible,  the  course  and  direction  of 
the  vein."  But  neither  this  remedy  nor  the  change  of  the  statute, 
for  which  the  Court  not  unnaturally  seems  to  yearn  (as  we  all  do), 
could  avail  those  whose  locations  or  even  patents  have  existed  for 
years,  whose  mines  liave  long  ago  passed  in  depth  beyond  their  side- 
lines, and  whose  entire  rights  of  property  in  them  are  now  suddenly 
made  dependent  upon  a  geological  phenomenon  never  before  sup- 
posed to  be  so  vitally  controlling. 

The  peculiar  form  of  the  Stone  claim,  commented  upon  by  the 
Court,  is  the  result  of  an  attempt  to  obey  the  law,  as  construed  in 
the  Flagstaff  case.  The  claim  simply  follows  the  course  of  the 
"  apex,"  which  is  crooked  by  reason  of  erosion,  though  the  true 
course  of  the  vein  is  straight.  Having  followed  this  irregular  and 
somewhat  obscure  apex  as  far  as  the  law  allowed,  the  surveyor  tried 
to  make  an  end-line  parallel  to  the  one  he  started  with,  namely  with 
the  North  end-line,  which  is  doubtless  the  boundary  of  an  adjoining 
claim.  But  he  placed  his  corner  a  few  feet  west  of  C,  instead  of 
east  of  it ;  and  this  error  is  held  to  have  vitiated  the  whole  claim. 
There  is  abundant  evidence  in  the  diagram  itself  of  the  good  faith 
of  the  Stone  locator  in  attempting  to  make  a  valid  location  under 
the  extreme  difficulty  caused  by  an  exceptional  combination  of  stat- 
utes, judicial  decisions,  advice  of  counsel  and  freaks  of  topography. 
In  the  Flagstaff  case,  the  Supreme  Court,  taking  into  account  the 
great  difficulty  of  making  a  location,  said  : 

"  Slight  deviations  of  the  outcropping  lode  from  the  location  of  the  claim  would 
probably  not  aflTect  the  right  of  the  locator  to  appropriate  the  continuous  vein 
(and  the  meaning  evidently  includes  the  extra-lateral  right) ;  but  if  it  should  make 
a  material  departure  from  iiis  location,  and  run  oflf  in  a  different  direction,  and  not 
return  to  it,  it  certainly  could  not  be  said  that  tlie  location  was  on  that  lode  or  vein 
farther  thtin  it  continued  substantially  to  correspond  with  it." 

Now  in  the  Flagstaff  case,  the  location  was  laid  squarely  across 
the  vein,  which  the  Court  said  "  it  was  not  the  intent  of  the  law  to 
allow";  and  the  punishment  for  this  open  violation  of  the  intent  of 
the  law  was,  that  the  locator  acquired  a  perfectly  good   lode-claim, 
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with  the  pertaining  extra-lateral  right,  for  all  that  portion  of  the  lode 
between  the  two  side-lines,  operating  as  end-lines.  In  the  case  of 
the  Stone  claim,  on  the  other  hand,  the  locator  tried  with  all  his 
might  to  carry  out  what  was  the  intent  of  the  law,  and  failed  by  a 
few  feet  at  one  corner  of  his  claim;  and  the  punishment  for  this  un- 
intentional error  is,  that  he  gets  no  lode-claim  at  all. 

It  seems  to  me  that  this  "  slight  deviation  "  at  C,  in  the  diagram, 
is  a  case  fairly  within  the  principle  of  the  sentences] ust  quoted  ;  and, 
moreover,  that  the  words  which  I  have  italicized  above,  fairly  imply 
that  a  lode-claim  is  valid — that  is,  carries  the  extra-lateral  right 
— as  far  as  it  continues  substantially  to  correspond  with  the  lode. 

Hence,  I  think  t'.iat  in  the  spirit  of  the  Flagstaff  decision,  though 
the  precise  point  is  not  covered  by  that  decision,  the  Supreme  Court 
might  have  made  in  the  Elgin  case  either  of  the  following  decisions: 

1,  The  south  end-line  of  the  Stone  claim  is  not  strictly  an  end- 
line.  It  crosses  the  true  course  of  the  lode,  but  it  does  not  cross  the 
legal  apex,  as  defined  by  this  court  and  determined  in  this  case  by 
the  accident  of  erosion.  But  the  locator  has  evidently  tried  to  com- 
ply with  the  law,  and  has  come  so  near  succeeding  that  we  hold  the 
said  south  end-line  to  be  practically  the  end-line  of  his  claim. 

Or,  2.  Since  the  south  end-line  fails  to  cross  the  apex,  the  Court 
directs  that  the  south  boundary  of  the  extra-lateral  right  of  this  claim 
shall  be  a  vertical  plane  through  the  point  C,  parallel  with  the  said 
intended  end-line  and  with  the  actually  and  correctly  established 
north  end-line. 

In  either  of  these  cases,  the  actual  result  of  the  case  at  bar  would 
have  been  the  same  as  under  the  decision  here  criticized  ;  for  the  two 
end-lines,  projected  on  the  diagram,  would  not  include  the  ground 
in  controversy.  That  is  a  result  that  gives  no  just  cause  of  complaint. 
When  the  prior  locator  fixes  the  direction  of  his  end-lines,  he  can 
see  at  a  glance  just  what  ground  this  projection  will  include,  and  he 
must  abide  by  the  consequences.  It  is  noticeable  that  at  the  close 
of  the  Elgin  decision  the  first  of  the  above  alternative  views  is  men- 
tioned, and  the  Court  says:  "In  either  view  of  the  location  of  the 
Stone  claim,  the  rejected  proof  would  have  established  no  defence," 
meaning  either  its  own  principal  view  or  this  alternative  one.  This 
indicates,  perhaps,  that  if  the  case  had  really  depended  upon  the 
recoirnition  of  the  "south  end-line"  and  the  condoning  of  the 
"slight  deviation  "  of  the  apex,  the  Court  might  have  considered 
that  point  more  seriously.  But  it  is  plainly  enough  the  view  of  the 
Court  that  in  a  case  of  more  pronounced  character,  as  where  a  loca- 
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tion  is  a  simple  parallolotrram,  and  the  apex  of  tlio  located  lode 
clearly  crosses  one  end-line  only,  and  then  departs  from  the  claim 
across  a  side-line,  the  location  carries  with  it  no  extra-lateral  right. 
T  think  this  is  an  nnfortnnate  rnle;  and  it  seems  to  me  that  without 
going  so  far  as  Chief  Justice  Waite  and  Justice  Bradley,  who  would 
judicially  rectify  all  end-lines,  the  Court  might  with  consistency  and 
propriety  and  advantage  adopt  the  following  principles: 

1.  Parallel  end-lines  crossing  the  apex  of  the  located  lode  shall 
determine  the  boundaries  of  the  extra-lateral  right;  provided,  that 
small  deviations  of  the  apex,  when  the  circumstances  are  conclusive 
of  an  attempt,  in  good  faith  and  with  painstaking,  to  carry  out  the 
intent  of  the  law,  need  not  be  construed  as  rendering  an  end-line 
invalid. 

2.  When  one  end -line  crosses  the  apex  of  the  located  lode,  and 
the  other  does  not,  but  the  apex  departs  from  the  claim  across  a 
side-line,  not  parallel  with  the  valid  end-line,  and  the  deviation  is 
too  great  to  be  overlooked  as  unimportant,  then  the  boundaries  of 
the  extra-lateral  right  shall  be  a  vertical  plane  drawn  through 
the  valid  end-line,  and  a  vertical  plane  parallel  thereto,  drawn 
through  the  point  where  the  apex  of  the  lode  passes  under  and 
across  the  side-line  of  the  claim. 

3.  When  neither  of  the  declared  end-lines  of  the  claim  crosses 
the  apex  of  the  located  lode,  but  the  apex  is  crossed  by  two  side- 
lines, which  are  parallel,  the  extra-lateral  right  shall  be  bounded  by 
vertical  planes  drawn  through  the  said  side-lines,  exactly  as  if  they 
had  been  the  declared  end-lines  of  the  location, 

4.  But  when,  in  the  foregoing  case,  the  two  side-lines  crossing  the 
apex  are  not  parallel,  the  extra-lateral  right  npon  the  located  lode 
shall  be  bounded  by  two  vertical  planes  drawn  through  the  points 
where  the  apex  passes  under  and  across  the  said  side-lines  at  right 
angles  to  the  general  course  of  the  apex  between  the  said  points. 

5.  The  boundaries  thus  determined  for  the  extra-lateral  right 
npon  the  located  lode  shall  apply  also  to  all  other  lodes,  the  apexes 
of  which  are  within  the  location. 

Of  these  principles,  the  first  is  already  announced  in  the  Elgin 
decision,  excej)t  as  to  the  proviso,  which  is  in  accordance  with  the 
spirit  of  the  Flagstaff  decision,  and  not  absolutely  contradicted  by 
the  former.  The  second  and  fourth  are  contrary  to  the  Elgin  deci- 
sion. The  third  is  expressly  declared  in  the  Flagstaff  case.  The 
fifth  is  practically  declared  by  the  P^lgin  decision,  and  seems  to  be 
required  by  the  letter  of  the  statute.     This  I  admitted  in  my  former 
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paper  {Trans.,  xii.,  441),  and  showed  at  the  same  time  what  trouble 
might  come  of  it.  I  confess  that  the  imaginary  case  shown  in  Fig. 
4  on  the  page  cited,  has  not  yet,  so  far  as  I  know,  come  before  the 
courts  ;  and,  perhaps,  bad  as  it  looivs  on  paper,  we  can  afford  not  to 
worry  about  it  while  so  many  perplexities  press  upon  us  in  other 
aspects  and  applications  of  the  statute. 


The  law  of  the  apex  and  its  extra-lateral  right  are  prolific  of  dif- 
ficulties, doubts,  contradictions  and  absurdities.  Every  judge  that 
administers  it  utters  a  fervent  hope  for  its  amendment.  But  the 
only  effective  amendment  would  be  the  introduction  of  that  system 
under  which  the  mine-owners  of  the  East  and  the  placer-owners  of 
the  West  get  along  in  complete  security  and  peace.  Let  the  govern- 
ment cease  to  grant  a  thing  which  it  can  not  define.  Let  the  citizen 
know  without  the  aid  of  geologists,  lawyers,  juries  and  courts,  what  he 
has  got  when  he  has  located  and  purchased  a  claim.  Make  the  lode- 
laws  resemble  the  placer-laws  and  the  coal-land  laws  and  the  home- 
stead and  pre-emption  and  other  agricultural  land-laws,  and  the 
raining  land-laws  of  all  other  civilized  countries.  Banish  that 
elusive  thing,  the  apex,  to  the  limbo  of  vanity,  where  it  belongs. 
Put  an  end  to  the  supernatural  extra-lateral  properties  of  end-lines, 
and  their  infinite  projection  into  space.  Let  side-lines  remain  in 
that  situation  to  which  Providence  and  the  surveyor  have  called 
them,  without  danger  of  being  suddenly  exalted  into  end-lines,  pos- 
sessed of  transcendental  potencies.  In  short,  let  us  have  a  mining 
law,  and  not  a  chaos  of  confusion,  ameliorated  at  long  intervals  by 
the  well-meaning  interference  of  the  Supreme  Court,  which  sets  to 
rights  a  little  corner  of  the  hubbub,  and  necessarily  raises  as  much 
dust  as  it  lays.  We  are  slowly  getting  authoritative  decisions  »f 
one  point  after  another;  but  the  best  thing  about  them  is,  that  they 
show  us  with  increasing  clearness  how  bad  the  law  is. 

Hitherto,  the  sentiment  of  the  mining  communities  has  stood  in 
the  way  of  a  radical  reform.  I  fear  that,  even  yet,  it  would  prove 
unpopular  and  impracticable  to  pass  such  a  bill,  for  instance,  as  that 
introduced  by  Hon.  G.  G.  Symes,  of  Colorado,  at  the  last  session  of 
Congress — a  "square  location  "  bill.  But  it  ought  to  be  pressed  and 
discussed  until  the  public  sentiment  of  the  West  shall  have  been 
educated  up  to  it.  I  think  the  situation  has  so  far  improved  that  if 
such  a  law  could  be  now  enacted,  it  could  be  enforced  and  would 
work  well. 
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NOTES    ox    THE     STAMP  MILLS    AXD    CHLOEINATION 

WOBKS  OF  THE  PLYMOUTH  CONSOLIDATED  GOLD 

MINING  COMPANY,  AMADOR  COUNTY,  CAL. 

BY    GEORGE  W.    SMALL,    E.M.,    OCOXOMOWOC,  WIS. 
(Bethlehem  Meeting,  May,  1886.) 

The  ore,  as  it  is  raised  from  the  mine,  has  an  average  assay-value 
of  $11  per  ton,  chiefly  in  the  form  of  free  gold.  All  the  ore  goes 
directly  to  the  stamp-mills,  of  which  there  are  two.  The  older  and 
larger  mill  contains  sixteen  batteries  of  live  stamps  each,  with  one 
Frue  vanner  to  Ciich  battery.  The  new  mill  has  eight  batteries  of 
five  stamps  and  two  Frues  to  each  battery.  The  large  mill  is  driven 
by  Letiel  turbine  wheels,  with  a  pressure  of  eighty  feet,  and  a  con- 
sumption of  600  miners'  inches  of  water.  Tiie  smaller  mill  is  driven 
by  "hurdy-gurdy"  wheels  with  a  pressure  of  about  550  feet  and  a 
consumption  of  loO  inches  of  water. 

At  both  mills  the  tailings  from  the  stamps  pass  over  about  20  feet 
of  plates  on  their  way  to  the  Frues.  In  each  set  of  plates  the  first 
or  upper  one, is  copper,  the  re.st  are  so-called  silver  plates. 

The  bullion  from  the  stamps  is  about  800  fine  in  gold  and  200  in 
silver. 

The  concentrates  from  the  Frues  average  from  1^  to  1|  per  cent, 
of  the  ore  stamped.  They  very  rarely  exceed  2  per  cent.  I  was 
unal)le  to  get  the  exact  assay-value  of  the  concentrates,  but  it  is 
said  to  vary  between  SlOO  and  $200  per  ton. 

The  concentrates  are  treated  at  the  chlorination  works  at  the  rate 
of  one  hundred  tons  per  month.  The  capacity  of  the  works  is  some- 
Vhat  greater  than  this,  but  as  the  supply  of  concentrates  is  limited 
it  is  not  deemed  advisable  to  work  them  up  any  faster. 

Care  is  taken  to  keep  the  concentrates  always  damp  until  they  are 
put  into  the  roasting  furnace.  If  this  is  not  done,  a  decomposition 
of  the  pyrites  begins,  forming  lumps  which  do  not  roast,  and  which 
consequently  cause  a  loss  of  gold  in  the  residues  from  leaching. 

A  Fortachauf clung Hof en  is  used  for  roasting.  Its  dimensions,  in- 
cluding fire-box,  are  12'  X  80'.  The  hearth  is  one  continuous  plane, 
but  the  chaiges,  of  which  there  are  three  in  the  furnace  at  one  time, 
are  kept  entirely  separate.  The  furnace-men  call  the  three  compart- 
ments, the  "  drying,"  the  "  burning,"  and  the  "  cooking"  compart- 
ments. In  the  middle,  or  "  burning"  compartment,  the  ore  is  spread 
VU1-.  XV.- 20 
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out  very  thin,  and  occupies  about  double  the  space  of  either  of  the 
other  compartments. 

The  furnace  is  worked  by  eight-hour  shifts,  one  man  on  each 
shift,  aud  one  charge  is  drawn  and  a  new  one  added  in  each  shift. 
The  charges  weigh  2400  pounds,  and  carry  about  10  per  cent,  of 
moisture.  The  ore  averages  about  20  per  cent,  in  sulphur,  and  just 
before  the  sulphur  ceases  flaming  (in  the  second  division  of  the  fur- 
nace) 18  pounds,  or  f  per  cent,  of  salt  is  added  to  the  charge. 

The  roasted  ore  from  each  shift  is  kept  by  itself  on  the  cooling- 
floor  until  a  tankful  (about  4  tons)  has  accumulated  from  a  single 
man's  shift ;  then  that  lot  is  worked  by  itself  This  enables  the 
person  in  charge  the  better  to  control  the  roasting ;  for  if  only  one  lot 
out  of  the  three  is  bad,  it  is  presumable  that  the  fault  lies  with  the 
workman;  but  if  all  three  are  bad,  the  probabilities  are  that  there 
has  been  a  material  change  in  the  character  of  the  ore,  and  the 
roasting  process  must  be  altered  accordingly. 

The  vats  for  chloridizing  the  roasted  ore  are  9  feet  in  diameter 
by  3  feet  in  height,  and  are  four  in  number.  They  are  slightly  in- 
clined, so  that  they  will  drain  completely.  The  bottom  of  each 
tank  is  occupied  by  a  filter  about  6  inches  thick,  composed  as  follows : 
Light  strips  of  three-quarter  inch  wood  are  first  laid  in  the  bottom 
of  the  tank  at  intervals  of  about  one  foot.  Across  these  strips  are 
laid  six-inch  boards,  leaving  cracks  of  an  inch  or  more  between 
the  boards.  On  top  of  this  loose  floor  are  placed  coarse  lumps  of 
quartz,  and  on  top  of  this  again  finer  quartz  material,  until  a  total 
depth  of  about  five  or  six  inches  is  obtained.  Finally,  this  "sand- 
filter"  is  covered  by  another  loose  floor,  the  boards  lying  crosswise 
to  the  loose  floor  beneath,  and  pretty  close  together.  This  upper 
floor  is  intended  merely  to  furnish  a  shovelling  surface,  so  as  to  per- 
mit the  removal  of  the  leached  ore  from  the  tanks  without  disturb- 
ing the  filter. 

The  ore  to  be  chloridizod  must  be  damj>  (about  six  per  cent, 
moisture).  The  working  test  is,  to  take  a  handful  of  the  ore  and 
squeeze  it,  then  open  the  hand,  and  if  the  lump  immediately  begins 
to  crumble  and  fall  apart  (not  run)  the  ore  has  the  requisite  amount 
of  moisture. 

The  damp  ore  is  screened  into  the  tanks,  so  that  it  will  lie  as 
loosely  as  possible,  and  facilitate  the  penetration  of  the  chlorine  gas. 
A  coarse  screen  of  one-half  inch  mesh  is  used  for  this  purpose. 

The  tanks  are  only  filled  up  to  within  about  three  inches  of  the 
top.  This  is  to  insure  that  the  entire  contents  of  the  tank  are  covered 
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by  water  in  the  subsequent  leacliinii",  otherwise  there  will  be  great 
ditficulty  in  w:u>hing  out  all  the  soluble  gold. 

As  soon  as  the  tanks  are  tilled  as  stated,  they  are  ready  for  the 
introduction  of  the  chlorine  gas.  This  is  introduced  into  the  bottom 
of  the  tank  from  two  opposite  sides,  and  is  continued  until  ammonia 
held  over  the  ore  gives  off  dense  fumes  of  ammonium  chloride. 
This  usually  takes  about  four  hours.  A^  hen  this  point  is  reached, 
covers  are  placed  on  the  tanks  and  the  cracks  are  luted  with  a  mix- 
ture of  leached  ore,  bran,  and  water.  The  gas-generators,  of  which 
there  are  two  employed  at  one  time  in  charging  a  tank,  are  allowed 
to  work  on  until  they  are  exhausted  ;  then  they  are  disconnected 
and  the  holes  in  the  tank  are  plugged. 

The  tank  is  usually  charged  with  gas  in  the  morning,  and  is  left 
standing  for  two  days.  On  the  third  day  the  ore  is  leached.  The 
tank  is  tirst  filled  with  water,  and  allowed  to  stand  a  few  minutes  so 
that  the  water  may  penetrate  all  the  ore.  If  no  more  water  is 
absorbed,  the  liquor  is  drawn  off  at  the  bottom,  care  being  taken  to 
keep  the  tank  full  of  water  during  the  entire  operation,  which  takes 
from  four  to  five  hours. 

In  charging  the  tank,  a  gunny-sack  is  laid  on  top  of  the  ore,  where 
the  wash-water  is  afterwards  to  be  introduced,  in  order  to  better 
distribute  the  water  in  the  tank  and  prevent  its  washing  and  packing 
the  ore. 

The  liquor  from  the  leaching-vats  is  conducted  to  settling-  or 
storage-tanks,  and  about  40  pounds  of  sulphuric  acid  (66^  B.)  is 
added.  (Experience  has  shown  this  addition  of  acid  to  be  advan- 
tageous in  obtaining  a  clean  product  in  the  subsequent  precipitation. 
The  chemical  reaction  is,  however,  by  no  means  clear.)  Ife  is  usually 
allowed  to  stand  for  twenty-four  hours,  but  two  hours  are  quite 
sufficient.  It  is  then  run  into  precipitating-tanks,  and  the  gold  is 
precipitated  by  a  solution  of  sulphate  of  iron.  The  iron  solution  is 
addetl  until,  after  stirring,  a  further  addition  produces  no  purple 
color.  After  the  gold  is  precipitated  it  is  allowed  to  stand  two  or, 
if  convenient,  three  days  to  settle;  then  the  supernatant  liquor  is 
drawn  off  with  siphons  into  a  second  settling-tank,  where  any  gold 
that  may  have  been  drawn  off  by  the  si{)hons  has  a  second  oppor- 
tunity to  settle.  The  liquor  stands  in  this  tank  until  it  is  necessary 
to  run  it  off  to  make  room  for  another  charge.  Very  little  gold  is 
found  in  this  tank,  and  it  is  therefore  only  cleaned  out  once  during 
the  year.  In  the  meantime,  fresh  liquor  has  [)een  run  into  the  pre- 
cipitating-tanks upon  the  gold  already  precipitated  there.     In  this 
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way  the  gold  is  allowed  to  accumulate  until  the  semi-monthly  clean- 
up. Except  when  it  is  necessary  to  have  them  open,  the  precipi- 
tating-tanks  are  kept  covered  and  locked. 

In  making  the  clean-up,  the  supernatant  liquor  is  siphoned  oif, 
the  gold  gathered  up  and  placed  in  a  filter  of  punched  iron  lined 
with  a  sheet  of  ordinary  filter-paper,  and  washed  with  water  until 
all  the  acid  and  iron  salts  are  removed.  It  is  then  dried,  melted  in 
crucibles  and  cast  into  bars. 

The  works  extract  from  95  to  96  per  cent,  of  the  assay- value  of 
the  concentrated  sulphides.  Two  men,  on  day-shift,  attend  to  all 
the  work  of  handling  the  ore  after  it  is  washed  (the  leaching,  etc.). 
The  head  man  receives  $3,  the  other  $2.50  per  day.  Owing  to  the 
limited  amount  of  ore  allotted  to  the  works,  only  three  tankfuls 
are  leached  every  four  days.  The  men,  however,  are  employed 
steadily. 

The  sulphate  of  iron  is  manufactured  on  the  spot.  For  this 
purpose  an  ordinary  wooden  tank  about  4  feet  by  4|  feet,  standing 
outside  the  building  in  the  open  air,  is  used.  The  tank  is  kept  full 
of  water  and  supplied  with  old  scrap-iron  ad  libitum,  and  for  each 
charge  to  be  precipitated  about  40  pounds  of  acid  are  added  to  the 
tank. 

The  precipitating-tanks,  which  are  of  wood,  are  protected  from 
the  action  of  the  acids  by  a  coating  of  "  paraffine  paint." 

I  append  an  itemized  statement  of  the  cost  of  handling  the  ore. 
The  basis  of  figuring  is  100  tons  of  ore  per  month  of  30  days. 
Consumption  of  chemicals  in  the  leaching  department,  24  days  in 
each  month  : 

Moasting  : 

Three  men,  at  $2.50  per  day,  for  30  days,  .... 

If  cords  wood  at  $4.25  "  "  .... 

54  lbs.  salt  at  f  cent,     "  "  .... 

Generator :   Tlie  charj^e  is  manganese,  30  lbs.,  salt,  34  lbs., 
sulphuric  acid,  60  lbs. ;  therefore,  for  two  generators: 
Manganese,  60  lbs.  per  day,  24  days,  at  $47  per  ton,    . 
Salt,  68  lbs.  per  day,  24  days,  at  $15  per  ton. 
Acid,  120  lbs.  per  day,  24  days,  at  $60  per  ton,    . 

Acid  for  settling-tanks  (40  lbs.),  and  for  sidphate  of  iron 

manufacture  (40  lbs.),  24  days, 

Wages  of  leachers,  at  $5.50,  for  30  days,      .... 
Salary  of  foreman 

Total, $940  36 

Or,  per  ton  of  concentrates,  $9.40/|j. 


$225  00 

223  13 

12  15 

$460  28 

$33  84 

12  24 

86  40 

132  48 

57  60 

165  00 

125  00 

I 
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BY  PROF.  R.  n.  RICHARDS,  MASS.,  INSTITUTE  OF  TECnNOLOGY, 
BOSTON,  MASS. 

(Presidential  Address  at  the  Tiethleheni  >reeting,  May,  1880..) 

It  is  nearly  twenty  years  since  Dr.  Raymond,  then  U.  S.  Com- 
missioner of  ^[^ninor  Statistics,  wrote  the  first  paper  (so  far  as  I 
have  been  informed)  upon  the  education  of  the  mining  engineer,  as 
a  distinct  jM-ofession  for  American  youth.  At  that  time  nearly  all 
the  prominent  mining  engineers  in  the  country  had  studied  in  one 
or  more  of  the  foreign  schools,  or  had  reached  their  high  standing 
through  years  of  experience  in  the  school  of  life. 

The  paper  mentioned  five  schools  in  the  United  States  in  which 
some  attention  was  paid  to  the  teaching  of  mining  engineering,  but  as 
four  of  them  had  barely  graduated  their  first  classes,  their  influence 
had  not  begun  to  make  it.self  widely  felt. 

Two  years  later  the  American  Institute  of  Mining  Engineers  was 
formed,  and  it  has  been  a  most  potent  factor  in  the  problem  of  "dis- 
seminating information  on  mining  and  metallurgical  subjects,"  so 
potent  that  the  need  of  a  national  school  of  mines  as  headquarters 
for  information  as  well  as  for  instruction  is  no  longer  urged. 

The  number  of  schools  also  increased,  and  in  1876  Abram  S. 
Hewitt,  in  his  Presidential  address  on  "  A  Century  of  Mining  and 
Metallurgy  in  the  United  States,"  gave  a  list  of  fourteen. 

In  1876  the  series  of  discussions,  led  by  Holley's  admirable  paper, 
brought  the  whole  subject  of  technical  education  before  the  country. 
These  discussions,  while  mostly  devoted  to  the  engineering  profes- 
sions in  general,  touched  upon  the  question  of  mining  and  naetallur- 
gical  training  to  some  extent.  Since  that  time  several  papers, 
inspired  by  tlie  publication  of  that  series  of  discussions,  have  ap- 
peared in  our  Trnnanctions,  and  several  notable  addresses  have  been 
delivered  at  the  opening  or  at  the  commencement  exercises  of  va- 
rious schools.  But  nothing  directly  bearing  upon  the  curriculum 
of  the  mining  and  metallurgical  schools  has  ever  appeared  in  our 
annual  volumes.  As  education  is  one  of  the  many-sided  subjects 
which  cannot  be  discussed  too  often,  I  have  ventured  to  bring  it  up 
again.  There  have  been  so  many  good  things  said  upon  the  subject 
that  one  would  only  need  to  use  the  scissors  and  paste-brush  judici- 
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ously  in  order  to  prepare  a  paper  upon  almost  any  phase  of  techni- 
cal education. 

While  I  do  not  wish  to  over-rate  the  work  of  the  schools,  it  seems 
to  me  to  be  only  fair  exchange,  that  the  managers  of  works,  and  the 
older  members  of  the  profession  who  have  had  large  experience  with 
assistants,  should  be  made  aware  of  the  difficulties  of  the  schools 
and  of  the  means  taken  to  meet  them,  in  order  that,  by  wise  counsel 
and  by  efficient  support,  they  may  enable  the  schools  to  reach  the  goal 
which  they  iiave  before  them,  i.e.,  to  send  to  the  mines  and  works 
young  men  who  will  be  welcomed  as  assistants  and  encouraged  as 
younger  brothers. 

I  am  glad  to  say  that  the  works  in  this  country  are  everywhere 
showing  the  greatest  courtesy  and  kindness  to  students.  I  hope  this 
may  long  continue  to  be  the  case,  and  that  the  young  graduates  will 
return  this  courtesy  by  going  to  the  works  in  the  spirit  of  learners 
and  not  as  teachers. 

The  term  engineer  has  become  one  of  very  varied  and  ambiguous 
aj)plication,  from  the  man  who  runs  an  engine  to  the  designer  of  a 
Brooklyn  bridge.  Among  the  many  possible  definitions  I  incline  to 
the  following  :  An  engineer  (Latin  ingenium,  signifying  facility  of 
invention,  natural  capacity)  is  a  man  who  can  efficiently  utilize  the 
materials  of  nature  by  means  of  the  ibrces  of  nature.  He  is  an 
emergency  man,  as  well  as  an  everyday  worker.  This  is  well  illus- 
trated in  an  anecdote  told  by  William  T.  Trowbridge,*  concerning 
the  early  experience  of  "one  of  the  best  practical  machinists  in  the 
country."  "  Shortly  after  he  had  completed  his  apprenticeship  in 
one  of  the  large  machinery  establishments  of  New  York,  and  while 
still  in  the  service  of  that  establishment  as  a  machinist,  he  was  se- 
lected by  the  firm  to  take  a  Cornish  pumping  engine  to  the  coal-fields 
of  Maryland,  and  there  to  erect  it  in  a  certain  mine  for  which  it  had 
been  manufactured.  He  received  no  special  directions  for  his  diffi- 
cult task,  and  was  too  much  elated  and  too  confident  in  his  own  ac- 
quirements to  imagine  that  he  should  meet  with  any  difficulty. 

"On  arriving  at  the  mine,  he  found  no  raining  engineer  to  give 
him  information,  but  he  was  told  where  he  would  find  the  shaft, 
and  was  informed  that  the  contract  with  the  iron-works  was  for  the 
engine  and  pumps  to  be  erected  complete  and  in  working  order.  He 
had  never  seen  a  coal-mine,  and  had  formed  no  conceptions  in  regard 
to  mining  operations.     On  looking  for  the  shaft,  he  found,  to  use 


*  Inaugural  Address,  Sheffield  Scientific  School,  October  5th,  1870. 
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his  own  expression,  a  black  hole  in  the  groinul  about  twelve  feet 
square,  and  was  told  that  it  was  two  hundred  and  fii'ty  feet  deep. 
Scarcely  daring  to  approach  the  edge  of  such  a  formidable  black  hole, 
and  yet  knowiuir  that  a  part  of  his  machinery  must  go  down  that 
hole  to  the  btntom,  to  be  connected  with  tlie  engine  at  the  surface, 
his  courage  and  enthusiasm  began  to  abate,  and  he  felt,  for  the  first 
time,  quite  serious  over  his  prospects.  After  refieeting  on  the  situa- 
tion, and  having  ton  much  pride  to  return  home  for  information,  he 
decided  upon  a  plan  for  getting  out  of  his  difficulties.  He  had 
learntd  that  several  weeks  must  elapse  before  the  mine  would  be 
ready  for  his  machinery,  and  accordingly  started  on  the  next  train 
for  Philadelphia,  where  he  had  friends  wlio  he  knew  might  assist 
him,  not  in  his  engineering  operations,  but  in  finding  some  book  on 
mininjj  euirineerin";.  Without  informing  his  friends  of  his  embar- 
rassraents,  he  procured  a  book  on  coal-mining,  and  returned  at  once 
to  the  mine,  where  he  shut  himself  up  for  several  weeks,  while 
preparations  were  gfoing  on  in  the  shaft,  and  spent  days  and  nights 
in  studying  the  applictition  of  pum})ing  engines  to  mining  purposes. 

"With  his  limited  acquirements  he  found  this  hard  work;  but 
when  the  mine  was  ready  he  was  also  prepared,  and  putting  on  his 
overalls,  he  went  down  the  shaft  and  proceeded  successfully  and 
triumphantly  with  his  work.  In  due  time  he  finished  his  task  and 
returned  to  his  employers.  'But,'  said  he,  'I  never  told  them  how  I 
was  enabled  to  do  it ;  though  ever  since  that  time  I  have  had  great 
respect  for  scientific  books.  My  only  regret  is  that  I  know  so  little 
of  them,  and  that  I  had  not  a  good  scientific  education  to  start 
with.'" 

An  engineer  may  or  may  not  be  a  graduate  of  a  school,  because 
this  inborn  faculty  will  find  its  way  out  if  the  circumstances  and  op- 
j)ortunities  are  favorable.  Then,  it  may  be  asked  :  Why  have  engi- 
neering schools  at  all  ?  Why  not  let  the  opportunity  make  the  man  ? 
Dr.  Drown  has  answered,  "  A  technical  school  is  a  device  to  save 
time.  Man's  days  are  still  threescore  years  and  ten,  but  he  now 
crowds  as  much  into  them  as  Methuselah  did  into  his  nine  hundred 
and  sixty  and  nine."  A  man  without  school-education  may  make  a 
remarkable  engineer;  but  it  may  have  taken  him  many  years  to  get 
his  training,  and  at  the  end  of  the  time  there  may  be  whale  regions 
of  knowledge  utterly  unknown  to  him.  In  other  words,,  he  is  liable 
to  be  a  one-sided  man,  without  a  broad  outlook  u|x>n  other  fields 
than  his  own.  A  school-man,  on  the  other  hand,  goes  through  a 
systematic  training  in  the  course  of  a  few  years  at  school^  during 
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which  time  he  makes  excursions,  as  it  were,  into  the  more  important 
departments  of  knowledge,  while  he  has  been  steadily  pursuing  one 
to  the  utmost  of  his  ability.  The  school  cannot  teach  him  every- 
thing, to  be  sure,  but  it  can  give  him  the  keys  to  the  storehouses 
which  he  may  need  to  draw  from  in  after  life.  The  school-training, 
if  it  is  a  good  one,  helps  him  to  learn  new  and  better  methods,  and 
makes  it  possible  for  him  to  become  an  experienced  engineer  much 
sooner  than  he  otherwise  would  do. 

We  might  say  further,  that  a  technical  school  which  has  a  good 
course  of  practical  training  along  with  its  regular  school-work,  is  a 
device  to  save  the  employers  time  and  trouble  in  training  young 
men  to  suit  them.  But,  of  course,  the  school  must  aim  to  send  men 
who  will  suit  the  works,  and  it  is  just  here  that  the  Institute  of 
Mining  Engineers,  composed  as  it  is  of  both  classes,  can  act  as  a  me- 
dium of  communication,  for  we  of  the  schools  must  know  what  the 
works  demand,  and  the  managers  must  know  whom  we  have  to 
offer. 

Mining  schools  have  amply  proved  the  necessity  for  their  exist- 
ence;  nevertheless  there  is  a  danger  to  be  guarded  against,  i.  e.,  lest 
they  make  it  their  chief  aim  to  prepare  purely  theoretical  men,  for 
whom  there  is  but  little  demand. 

Professor  Thompson  reported*  that  the  English  commissioners 
found  in  Germany  an  excess  of  one  thousand  well-trained  poly- 
technic graduates  over  the  demand,  and  they  were  informed  that 
the  manager  of  a  large  engineering  works  had  been  so  importuned 
by  these  young  men  for  employment,  that  he  put  up  in  his  window 
a  notice,  "No  polytechnic  student  need  apply."  The  Austrian 
Minister  of  Instruction  also  told  Professor  Thompson,  that  "  the 
most  serious  problem  in  education  in  that  country,  is  to  reduce  the 
number  of  theoretical  engineers,  who,  after  their  long  course  of 
study,  found  themselves  not  wanted,  and  to  increase  the  number  of 
men  in  whose  training  theory  and  practice  had  been  so  combined, 
that  they  could  meet  the  great  demand  for  those  who-can  put  theory 
and  practice  together."  That  stage  has  not  yet  been  reached  in  our 
country,  and  it  is  to  plead  for  such  a  thorough  understanding  be- 
tween the  works  and  the  schools  that  we  may  forestall  such  a  condi- 
tion of  things  here,  that  this  paper  has  been  written. 

It  is  a  pertinent  inquiry  just  here,  What  ought  the  schools  to  try 
to  give  the  embryo  engineer?     We  may,  perhaps,  state  it  thus :  The 


*  Circulars  of  Information  of  the  Bureau  of  Education,  No.  3,  1885. 
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scliool  should  ilevelop  the  scientific  habit  of  miiul,  the  spirit  of  the 
true  investiijator,  ov,  to  put  it  in  terse  English,  should  teach  him 
what  he  wants,  where  he  is  to  get  it,  and  how  he  is  to  make  the 
most  efficient  use  of  it.  This  lesson  is  not  to  be  taught  once  or  twice 
onlv,  but  should  come  into  every  day's  work.  An  engineer  so 
taught  can,  and  will,  easily  educate  himself  in  after-life. 

Dr.  Eirleston  lias  said,*  ''The  training  of  the  school  should  be 
such  as  to  teach  the  young  engineer  how  to  acquire  not  only  judg- 
ment, but  as  far  as  possible,  an  independent  one.  This  I  believe  to 
be  one  of  the  distinguishing  characteristics  of  American  technical 
eflucation." 

A  mining  engineer  is  frequently  called  upon  to  sit  in  judgment 
upon  important  questions.  He  occupies  a  place  in  the  community 
somewhat  similar  to  the  chemists'  analytical  balance,  or  the  market 
hav-scales.  Xow  if  a  standard  hay-scale  does  not  give  correct  weight, 
what  is  done  with  it  ?  Why,  it  is  thrown  into  the  pile  of  scrap- 
iron  and  another  scale  is  purchased  ;  but  the  purchaser  this  time  is 
most  likely  to  try  another  dealer.  So  it  is  oftentimes  with  men. 
If  an  engineer  undertakes  an  investigation,  and  through  careless- 
ness, through  insufficient  examination,  or  because  he  has  undertaken 
something  for  which  he  has  never  qualified  himself,  makes  a  serious 
error  in  judgment,  he  is  not  only  thrown  overboard  himself,  but  his 
former  employer  will,  in  all  probability,  look  for  a  graduate  of  some 
other  school  the  next  time  he  wants  help.  The  failure  not  only 
follows  him  for  years,  but  follows  his  school  also. 

But  after  all  that  the  school  can  do,  the  remark  of  Captain 
Douglas  Galton  holds  true  tf  "  However  much  education  you  may 
give  a  young  man,  you  can  at  most  only  teach  him  how  to  learn. 
The  real  education  is  what  he  gives  himself  after  he  leaves  his  in- 
structors. It  will  always  depend  upon  the  yonng  man  himself 
whether  he  makes  an  engineer  or  not." 

In  order  to  start  the  young  man  on  this  road  with  as  little  delay 
as  possiblcj  it  is  necessary  that  the  training  in  the  school  should  be 
practical  as  well  as  theoretical. 

The  central  question  in  the  discussions  of  ten  years  ago,  to  which 
the  opening  address  of  Holley  gave  the  keynote,  was  "At  what 
periwl  shall  the  student  take  his  practice?  Before  he  enters  the 
technical  school,  while  he  is  in  it,  or  after  he  leaves  it?" 


*  Discwisions  on  Technical  Education,  p.  98. 
f  Discussions  on  Technical  EducMion,  p.  56. 
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Professor  Lewis  M.  Haujjt,*  in  his  review  of  these  various 
opinions,  states  that  eight  of  the  engineers  wiio  took  part  in  the 
discussion,  "  were  inclined  to  favor  the  first  arrangement,  twelve  the 
second,  and  eight  the  last,  giving  a  plurality  in  favor  of  the  syn- 
chronal  combination  of  the  two  departments  of  study  of  thirty-three 
per  cent,  over  either  of  the  other  systems.  Most  of  the  advocates 
of  this  middle  course  are  men  of  experience  in  both  practical  work 
and  professional  duties,  and  whose  faith  in  the  ability  of  the  schools 
to  make  it  a  practical  success  is  founded  upon  their  knowledge  of 
the  requirements  of  both  theory  and  practice."  This  result  occurred 
in  the  face  of  the  fact,  that  the  eloquent  appeal  of  Holley  was  for 
a  preliminary  course,  and  that  he  was  sustained  by  others  of  wide 
experience.  The  following  statementf  is  a  good  example  of  this 
line  of  argument :  *'  The  introduction  of  a  preliminary  course  of 
practical  training  before  the  scholastic  training,  would  be  of  great 
benefit  to  the  schools  themselves.  It  would  weed  out  the  hopelessly 
stupid,  or  lazy,  or  otherwise  unfitted,  and  bring  to  the  schools  a 
class  of  young  men  who  already  knew  what  they  wanted,  and  really 
wanted  it." 

At  that  time  the  participants  in  the  discussion  all  took  the  ground 
that  the  practical  training  took  a  long  time,  and  perhaps  nearly  as 
long  as  school-training.  This  idea  has  since  been  proved  to  have  little 
foundation  by  the  experience  at  Cornell  University,  the  Massachusetts 
Institute  of  Technology,  the  Worcester  Free  Institute,  the  Stevens' 
Institute  of  Technology,  Washington  University,  and  other  schools. 
It  is  found  that  a  student  will  acquire  all  the  skill  of  hand,  power  of 
observation,  and  familiarity  with  materials  needed,  in  a  short  time. 
The  practical  course  can,  therefore,  accompany  the  school-work 
without  taking  away  too  much  of  the  time  required  for  culture  and 
acquirement. 

Some  of  the  strong  points  made  at  that  time  against  previous 
practice  are  worth  repeating.  Mr.  Coleman  Sellers  remarked  :J  "  I 
do  not  think  it  advisable,  as  a  rule,  to  take  the  boy  from  the  work- 
bench and  send  him  to  school  a  second  time.  I  have,  in  some  in- 
stances, noted  the  effect  of  such  a  course  upon  young  men  to  be 
disadvantageous.  If  the  boy  has  left  school  too  soon,  and  feels 
afterward  the  want  of  more  knowledge,  it  is  well  enough,  if  he  can, 
to  return  to  his  studies,  but  such  return  sometimes  makes  a  disad- 

*  Transactions  of  American  Institute  of  Mining  Engineers,  vol.  v.,  p.  510. 
t  Discussions  on  Technical  Education,  p.  27,  R.  W.  Raymond. 
X  Discussions  on  Technical  Education,  p.  61. 
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vantageous  break  in  his  habits.  I  hiok  upon  it  rather  as  a  means 
of  nuMuling  a  dettvt  in  eiUieation,  than  as  a  course  to  be  pursued  as 
prearranged  with  an  object." 

Professor  R.  H.  Thui"ston*  stated  that  "an  active,  ambitious,  and 
energetic  young  man  can  rarely  bring  himself  to  the  j)oint  of  going 
back  to  the  school  after  having  once  tasted  the  pleasure  of  success 
in  business.  When  this  has  been  done,  however,  it  has  been  almost 
invariably  the  fact,  if  I  may  judge  from  my  own  observation  of 
quite  a  number  of  cases,  that  the  result  is  a  most  encouraging  one." 

Mr.  Henry  M.  Howe  has  recently  emphasized  this  view.f  "  For 
many  reasons  this  plan  of  sandwiching  a  year  or  two  of  field-work 
between  the  college  or  the  high  school  and  the  technical  school,  at 
working  at  metallurgical  processes  before  understanding  the  elements 
of  metallurgy,  and  when  the  processes  thenisclvcs  are  incomprehen- 
sible, of  observing  the  construction  of  bridges  before  acquiring  the 
faintest  idea  of  the  principles  of  the  girder,  has  not  commended 
itself  to  the  judgment,  either  of  our  engineers  or  of  our  school- 
men." 

Even  in  Germany,  where  preliminary  training  had  long  been  a 
requirement,  according  to  Dr.  Wedding,  "  this  prescription  is  now 
omitted,  it  being  optional  with  the  scholar  to  take  it,  or  to  come  at 
once  to  the  academy." 

If  the  canvass  were  to  be  made. at  the  present  time,  I  am  much 
mistaken  if  a  large  majority  would  not  be  in  favor  of  the  parallel 
method. 

In  regard  to  parallel  courses  of  training,  there  are  two  ways  of 
accomplishing  it.  They  are  thus  stated  by  Professor  W.  Chandler 
Roberts  Austen,  of  the  Royal  School  of  Mines,  London  ; 

X  "  There  is  what  may  be  called  the  system  of  Freiberg,  as  it  is  so 
well  represented  at  the  great  school  in  Saxony,  where  the  men  study 
metallurgy  theoretically,  in  lectures  to  which  a  somewhat  limited 
laboratory  course  is  added,  the  great  feature  of  the  instruction  being 
the  facilities  which  the  men  have  for  spending  a  portion  of  each  day 
in  the  Halsbriickner  Hiitte  or  the  Muldner  Iliitte,  these  being  the 
great  works  of  the  district  in  which  the  school  is  situated;  and, 
finally,  there  is  the  system  adopted  in  America,  especially  at  the 
School  of  Mines,  Columbia  College,  New  York,  and  at  the  Massa- 

*  Discussions  on  Technical  Education,  p.  33. 
+  Addres.s,  June  24tli,  1885,  Rose  Polyteclinic  In.«titiite. 

X  Afidres.s  at  the  Opening  of  the  New  School  of  Metallurgy,  Birmingham,  Eng- 
land, September  24th,  1885,  Chemical  News,  October  9th,  1885. 
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cluisetts  rnstitnte  of  Technology  at  Boston,  where,  in  addition  to 
laboratory  work  as  ordinarily  understood,  students  carry  out  metal- 
lurgical operations,  more  or  less  experimentally  it  is  true,  but,  as  an 
engineer  would  say,  on  a  scale  of  nearly  'twelve  inches  to  a  foot.' 

"  Surely,  it  may  be  urged,  the  frequent  o))portunities  for  seeing 
metallurgical  operations  must  he  of  great  benefit  to  the  student;  but 
consider  how  short  a  time  a  student,  who  is  preparing  for  the  higher 
branches  of  his  profession,  can  possibly  give-to  the  purely  theoretical 
work  which  he  must  get  through.  Such  a  student  has  no  leisure, 
in  addition  to  that  which  should  be  set  aside  for  exercise;  and  if  he 
had  leisure,  I  do  not  think  he  would  be  putting  it  to  the  best  advan- 
tage, if  he  were  to  devote  it  to  looking  on  at  a  metallurgical  opera- 
tion conducted  by  some  one  else;  and  I  believe  that  no  system  by 
which  a  student  accompanies  a  demonstrator,  or  even  a  local  fore- 
man, to  works,  and  only  sees  the  successes,  and  not  the  failures,  of 
other  people's  labors,  really  affords  him  adequate  instruction 

"  ....  It  will,  I  trust,  have  been' understood  that  I  have  been 
speaking  only  of  the  training  of  a  student;  his  career  as  a  metal- 
lurgist can  only  be  perfected  in  the  works,  because  the  manager  has 
not  only  to  deal  with  metals  but  with  men." 

Mr.  Edward  C.  Pechin  has  admirably  stated  some  of  the  advan- 
tages of  practical  work,  taken  after  the  school-course  is  over.  He 
says  :*  "  Laboring  men,  as  a  class,  are  suspicious  and  unsympathetic 
so  far  as  their  employer  is  concerned.  By  having  associated  with 
them  one  becomes  acquainted  with  their  peculiarities,  appreciates  the 
difficulties  they  encounter,  learns  how  to  gain  their  goodwill, — and 
this  once  gained  is  enduring, — and,  when  the  time  comes  tor  him  to 
control,  his  power  is  wellnigh  absolute,  for  he  has  learned  when  to 
watch  or  relax,  when  to  exact  or  indulge,  when  to  be  liberal  or  when 
unsparing.  His  knowledge  obtained  from  books  or  in  the  school 
tells  him  what  ought  to  be  done,  his  practical  experience  shows  him 
how  it  can  be  done  efficiently  and  economically," 

I  must  here  state  that  Professor  Roberts  Austen  apprehended  the 
strong  point  of  the  parallel  school  course  when  he  specified  it  as 
"  nearly  twelve  inches  to  the  foot."  It  is  important  to  bear  this  in 
mind,  for  we  find  such  remarks  as  the  following  scattered  through 
the  writings  of  the  engineers  on  both  sides  of  the  Atlantic: 

f  "  It  may  be  asked  :  why  should  not  the  teaching  of  practice 
with  theory  have  the  same  effect  in  establishing  a  proper  balance  as 

*  Discussions  on  Technical  Education,  p.  29. 

f  Fred.  J.  Slade:  Discussions  on  Technical  Education,  p.  12G. 
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when"  acquired  subsequently?  To  whioli  it  may  perliaps  be  an- 
swered that  the  conditions  under  which  the  practical  matters  are 
presented  are  in  the  twt)  cases  entirely  different.  In  the  school  they 
are  presented  as  problems  solvtd  ;  in  actual  practice,  as  problems  to 
l)e  sol  veil." 

Again,*  ''  For  I  throw  out  of  consideration  the  toy-workshops  of 
the  schmils  themselves." 

Also:t  "  It  is  a  delusion  to  suppose  that  the  requisite  mechanical 
knowleilge  can  be  gained  in  the  workshops  attached  to  some  col- 
leges. It  can  no  more  be  learned  there  than  the  execution  of  civil 
engineering  unilertakings  can  be  mastered  except  by  actual  expe- 
rience. The  construction  of  toy-engines  with  india-rubber  i)ipes 
and  soft  solder,  the  turning  of  ivory  dinner  nai)kin-rings,  or  the 
making  of  a  bicycle  may  be  pleasant  amusements,  but  little  or  no 
actual  knowledge  is  obtained  in  the  use  of  tools,  the  j)roperties  of 
materials,  or  the  business  of  the  mechanical  engineer." 

All  such  remarks  >^ho\v  complete  misapprehension  of  the  meaning 
we  attach  to  the  word  workshop,  or  mining  laboratory.  Within  ten 
vears  the  growth  of  real  workshops  in  connection  with  educational 
institutions  throughout  this  land  has  been  unprecedented.  Some 
thirty-five  mechanical  laboratories  or  workshops  have  been  estab- 
lished in  nearly  as  many  States  of  the  Union,  which  shows  that  the 
American  modification  of  the  school- workshop  has  come  to  stay. 

In  regard  to  mining  laboratories,  there  are  seven  in  active  oj)era- 
tion,  under  construction,  or  under  contemplation,  and  to  show  that 
the  mining  laboratories  of  the  country  are  real  workshops,  I  give  an 
illustration  from  the  one  with  which  I  am  most  familiar: 

A  student  is  assigned  a  quantity  of  ore  weighing  five  hundred 
{)ounds  to  four  thousand  pounds,  according  to  kind.  He  assays  it 
and  makes  mineralogical  and  chemical  tests  of  it.  He  consults  the 
books  to  see  what  processes  are  available  for  such  an  ore.  He  dis- 
cusses the  different  processes  before  deciding.  He  chooses  one  and 
works  the  ore  through  by  it,  testing  by  chemical  analysis  not  only 
for  the  metals  of  commercial  value,  to  see  what  becomes  of  them  and 
to  ascertain  where  the  lo.sses  are  hopeless  and  where  they  can  be 
diminished,  but  also  to  see  what  quality  of  products  he  has  obtained, 
whether  the  slags  are  those  of  the  standard  of  silicification  he  aimed 
at,  whether  the  mattes,  bullion,  etc.,  are  of  the  quality  he  planned 

*  A.  P.  Bfjller:  Discussions  on  Technical  Education,  p.  85. 

t  C.  Graham  Smith :  Address,  Edinburgh  and  Leith  Engineers'  Society,  November 
3d,  1875. 
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for.  He  is  assisted  by  his  classmates  in  his  work,  and  he,  in  turn, 
assists  all  of  them  in  theirs.  This  work  is  interspersed  with  the 
studying  of  collateral  literature,  and  reading  of  papers  before  his 
class  upon  the  subject  to  which  he  is  devoting  his  time. 

A  year  of  such  training,  following  after  three  years  of  preliminary 
technical  school-work,  does  not,  to  be  sure,  make  an  engineer  of  him, 
but  it  gives  him  a  valuable  lesson,  most  of  it  self-taught,  in  each  of 
the  following  directions : 

1st.   In  accurate  habits  of  thinking  and  working. 

2d.  In  acquisition  of  independent  judgment. 

3d.  In  the  habit  of  applying  knowledge,  which  habit  stimulates 
acquisition. 

4th.  In  gaining  real  experience  by  the  sweat  of  emergency. 

5th.  In  managing  men  and  controlling  himself 

6th.  In  appreciating  the  value  of  labor  and  the  workman's  view 
of  things. 

7th.  In  taking  the  conceit  out  of  him. 

8th.  In  the  use  of  chemistry  to  control  metallurgy,  and  in  the  use 
of  technical  literature  for  suggestion  and  warning. 

9th.  In  keeping  accurate  accounts  and  records  of  his  work. 

10th.  In  solving  problems  that  are  new  to  him. 

Now  I  do  not  claim  that  the  Massachusetts  Institute  of  Technology 
teaches  metallurgy  better  than  any  other  school.  What  I  do  claim  is 
that  we  are  striving  for  the  best  methods,  and,  if  I  am  to  be  the  teacher, 
I  can  teach  metallurgy  many  times  better  with  a  laboratory  than  with- 
out one,  just  as  one  can  teach  chemistry,  physics,  or  mechanics  much 
better  with  a  laboratory  than  without  one.  In  regard  to  the  name 
of  the  laboratory  that  is  here  spoken  of,  a  word  is  necessary.  The 
term  metallurgical  laboratory  has  for  years  been  used  to  signify  a 
laboratory  with  crucible  furnaces  and  muffle  furnaces  in  which  a 
variety  of  meltings  may  be  performed.  But  the  new  departure  of 
stamping,  washing,  amalgamating,  smelting,  and  refining  on  a  large 
scale  savors  as  much  or  more  of  mining  as  of  metallurgy,  and  I 
would  suggest  for  it  the  name  of  mining  laboratory,  for,  while  it 
contains  the  metallurgical  laboratory,  the  additions  that  have  been 
made  are  more  extensive  than  the  original,  and  the  additions  are 
niostl)^  of  processes  which  are  classed  generically  as  mining  operations. 

Indeed,  the  whole  question  of  whether  the  mining  engineer  ought 
not  to  have  a  liberal  amount  of  metallurgical  training  and  viee  versa 
is  not  by  any  means  settled  in  the  negative. 

To  me  the  question  hangs  just  here:  Are  works  in  our  country 
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lanro,  or  are  they  small?  If  larjje,  then  we  must  have  systematic 
divisions  on  strietly  professional  lines;  if  small,  or  if  a  few  large 
works  and  many  small  ones,  then  we  do  not  need  such  strict  divi- 
sions, Ixxnuise  the  metallurgist  will  have  to  be  an  engineer  and  the 
engineer  will  have  to  be  a  metallurgist.  It  is  in  accordance  with 
this  latter  view  that  the  courses  of  the  Massachusetts  Institute  of 
Technology  have  been  laid  out;  that  is  to  say,  the  mining  course 
may  be  taken,  either  emphasizing  metallurgy  with  diminished  engi- 
neering or  emphasized  engineering  with  diminished  chemistry. 

A  student  who  has  worked  in  a  mining  laboratory  will  be  better 
able  to  profit  by  the  works  not  only  because  of  his  better  under- 
standing of  the  subject,  but  because  he  has  been  a  workman  himself. 

All  agree  that  a  school  cannot  make  an  engineer.  The  idea  has 
been  well  put  bv  many  authorities.     I  quote  a  few  of  them  : 

*  "The  young  man  who  graduates  from  a  technical  school  is  no 
more  a  civil  engineer  than  a  young  man  who  has  never  been  at  sea, 
but  who  has  studied  navigation  at  school,  is  a  sailor." 

Again  :  "A  graduate  is  excellent  raw  material  to  make  an  engi- 
neer of,  but  he  is  not  an  engineer."     And  again  : 

i  "  The  student  may  now  be  considered  to  have  completed  his 
preliminary  training,  but  his  education  as  an  engineer  will  only  be 
terminated  by  death." 

If,  then,  the  schools  cannot  make  engineers  is  it  wise  for  them  to 
give  engineering  degrees?  The  strongest  of  the  several  statements 
made  several  years  ago  was  that  of  Mr.  Ashbel  Welch,  which  I 
quote  as  follows :|  "The  school  confers  this  title  when  these  young 
men  graduate,  and  what  is  the  result?  Why,  they  think  they  are 
engineers,  and  the  consequence  is  that  in  nine  cases  out  of  ten  they 
will  never  learn  to  be  engineers." 

He  even  proposed  "that  the  joint  committee  be  requested  to  take 
into  consideration  how  to  put  a  stop  to  the  practice  of  the  technical 
schools  giving  the  young  men  who  have  just  graduated  the  title  of 
engineer." 

Upon  this  point  the  following  tables  show  what  is  the  practice  as 
to  the  granting  of  degrees  in  leading  American  and  foreign  schools : 

*  Discussions  on  Technical  Edvcation,  p.  127;  Mr.  Ashbel  Welch  and  Eckley  B. 
Coxe. 

t  C.  Graham  Smith  :  Address,  Edinburrjh  and  Leith  Engineer^  Society,  March  3d, 
1887. 

X  Discussions  on  Technical  Education,  p.  127  ;  Mr.  Ashbel  Welch  and  Eckley  B. 
Coxe. 
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American  Schools. 


Name  of  Institution. 

Is 

11 

S 
o 

t  2 
O 

1! 

la 

o 
H  si) 

t 

8  a:  . 
Sis 

-a 

o 
~- 

Colli tiibia  Collei?e 

1867 

1870? 
1870 

1868 

1889 

1878* 

1874 

1876? 

1872 

18 

16 
17 

16 

15 
16 

15 
16 

4 

4 

4 

4 

4 

4 
4 
5 
4 
4 

E.  M. 

E.  Met. 

E  M. 

B.  S. 

B.  S. 

B.  S. 

B.  S. 
B.  S. 

B.  S. 
/B.Met.E. 
1  B.  M.  E. 

B.  E. 

1  s. 

TsV 

1  or  more  s. 

2  or  more  s. 
r  1  s.  and  2 
-j  p.  or  2  s. 
1  and  1  p 

1  s.  or  3  p. 

1  s. 

5 

1  s.  and  p 

1  s. 

Ph.  D. 

KM 
MS. 
I).  S. 

f  E.  M. 
)  E.  Met. 

KM. 

E.  M. 

E.  M. 
f  Met.  E. 
t  M.  E. 

E.  M. 

Lafayette  College 

Leliiyh  University  

Mass.  Inst,  of  Technology... 

University  of  California 

"           "   Illinois 

"           "    Michigan 

"           "    Pennsylvania 

"           ''    Wisconsin.... 

Washington  University 

s 

.  =  stn< 

i.v;  \ 

>•  = 

)ractice. 

Foreign  Schools. 


Name  of  Institution. 


Aachen,  K.  Tech.  Hochschule 

Berlin,  K.  Bergakademie 

Clausthal,  K.  Bergakademie , 

Freiberg,  K.  Bergakademie 

Leoben,  K.  K.  Bergakademie 

Liege 

l^rzibram,  K.  K.  Bergakademie 

Stockholm,  K.  Tekniska  Hogskolan 
London,  Koyal  School  of  Mines 


Age  of 
admission 

Length 
of  eourse 
for  degree 

Years. 

19? 

3  or  4 

19? 

19? 

3  or  4 

18 

3 

19? 

3  or  4 

18? 

5 

19? 

1  or  2 

19 

4 

3 

Title  of  degree. 


Berg-Ingenieur. 
lliitten-Ingenieur. 


r  Berg-Ingenienr. 
\  Hiitlen-Ingenieiir. 
(  Berg-  Hiittenlng'r. 

Berg-Ingenienr. 

Hiitten-Ingenienr. 

Eisenhiitten-Ing'r. 

Berg-Ingenienr. 

Hiitten-Ingenienr. 

Berg-  Iliitten-Ing'r. 
f  Ingcnieiir  honoraire 
I       des  mines. 
I  Ingtnienr  civil  des 
{      mines. 

Berg-Ingenienr. 

Hiitten-Ingenienr. 

l>erg-  Iliitten-Ing'r. 

Berg-Ingenienr. 

Associate  of  Royal 
School  of  Mines  in 
Mining  or  in  Met- 
allurgy. 


*  Under  the  course  as  now  organized.  Degrees  have  been  given  by  the  University 
in  a  raining  course  since  1868. 
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This  brings  us  to  the  point  of  considering  tlie  currienltim  of  tlie 
raining  schools  of  the  country.  On  examining  the  catalogues  of  tlie 
one  hundrctl  ditfereut  American  schools  and  colleges  which  seemed 
most  likely  to  teach  mining  and  metallurgy,  I  find  : 

Forty-tive  which  do  not  touch  engineering  subjects  at  all;  thirty 
civil  and  mechanical  engineering  schools;  and  eleven  which  clain\ 
to  give  the  essentials  of  a  mining-engineering  course,  but  have  iic 
independent  professor  of  mining  or  metallurgy  or  of  both  subjects: 
Van  Rensselaer  Polytechnic,  Sheffield  Scientific  School,  Cornell 
University,  University  of  North  Carolina,  University  of  Vermont 
and  State  Agricultural  College,  University  of  Virginia,  University 
of  Cincinnati,  Virginia  Agricultural  and  Mechanical  College  at 
Blacksburg,  Vanderbilt  University,  University  of  Georgia,  Corcoran 
Scientific  School  of  Columbian  University. 

Fifteen  colleges,  universities,  and  technical  schools  which  have  a 
course  of  mining  engineering,  and  also  a  professor  of  mining  or 
metallurgy  or  both,  and  give  the  degree  in  mining  or  metallurgy  or 
both  :'  Colorado  School  of  Mines,  Columbia  College  School  of  Mines, 
Lafayette  College,  Lehigh  University,  Massachusetts  Institute  of 
Technology,  McGill  L^niversity,  Missouri  University,  University  of 
California,  University  of  Illinois,  University  King's  College,  Nova 
Scotia,  University  of  Michigan,  University  of  Ohio,  University  of 
Pennsylvania,  University  of  Wisconsin,  Washington  University. 

In  order  to  lay  before  the  readers  of  this  paper  as  much  informa- 
tion on  mining  schools  as  the  limits  of  such  a  paper  will  allow,  I 
have  made  out  a  summary  of  some  of  the  more  important  features  of 
the  schools. 

First  is  given  a  synopsis  showing  the  title  of  the  professor  of 
mining  or  metallurgy,  whether  or  not  there  is  a  mining  laboratory, 
a  summer  school  of  mining  and  metallurgy,  excursions  and  visits  to 
mines  and  works  during  term  time,  the  age  of  admission,  length  of 
course,  title  of  degree,  and  any  other  features  which  may  seem  desir- 
able to  emphasize. 

Second  follows  a  statement  of  the  summer  schools  and  mining 
laboratories  of  the  American  schools  of  mines. 

Third  are  given  tables  with  the  number  of  hotirs  assigned  to  each 
of  the  more  important  subjects  of  the  curricula  of  the  American 
and  foreign  schools. 

For  the  information  contained  in  these  tables  I  am  indebted  to 
the  professors  of  the  several  schools  mentioned.  I  am  also  indebted 
to  several  members  of  the  Institute  for  help  and  suggestion  rendered 
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me.  I  desire  especially  to  mention  the  name  of  Mr.  H.  O.  Hofman, 
to  whom  I  ara  indebted  for  the  larger  part  of  the  work  upon  the 
tables. 

Synopsis  of  the  Fifteen  American  Colleges,  Universities, 
AND  Technical  Schools. 

Colorado  School  of  Mines  has  a  lecturer  in  metallurgy.  The  ad- 
mission age  is  seventeen  years.  Offers  two  courses,  mining  engi- 
neering and  metallurgy;  four  years  for  each.  Degree  in  mining 
E.M.,  degree  in  metallurgy  Ph. B.  After  two  additional  years  of 
work  an  advanced  degree  of  Ph.D.  Requires  a  vacation  memoir 
each  year,  and  during  the  term  visits  are  made  to  smelting  works 
and  to  regions  interesting  geologically. 

"The  one-year  course  of  assaying  was  established  to  supply  a 
demand  for  assayers  of  a  better  grade  than  couimonly  found  in  the 
mining  camps."  There  is  also  a  one-year  course  in  surveying,  and 
for  both  of  these  courses  diplomas  are  given.  ''About  half  the 
students  take  the  four  years'  course."  The  school  aims  "to  supply 
in  some  measure  the  lack  of  a  State  geological  survey." 

Columbia  College  has  a  school  of  mines  with  seven  courses,  one  of 
which  is  in  mining  and  one  in  metallurgy.  A  professor  of  mineralogy 
and  metallurgy.  A  professor  of  engineering,  who  lectures  on  min- 
ing engineering.  A  professor  (adjunct)  of  surveying  and  practical 
mining.  Has  a  mining  laboratory.  Has  prominent  summer  schools 
in  surveying  (required),  in  mechanical  engineering  (voluntary),  in 
practical  mining  (required).  Students  enter  at  eighteen  years.  The 
course  is  four  years  with  degree  of  E.M.  After  a  year's  additional 
study,  Ph.D. 

Lafayette  College  includes  the  Pardee  scientific  department  whi{!h 
offers  five  courses,  one  of  which  is  mining  engineering.  It  has  a 
professor  of  mining  and  gra|)hics.  It  gives  practice  in  mine  survey- 
ing during  the  term,  and  is  near  mines  and  metallurgical  works 
which  the  students  have  the  opportunity  of  visiting.  Entering  age, 
not  specified.     The  course  is  four  years  with  the  degree  of  E.M. 

Lehigh  University  has  a  separate  school  of  technology  with  four 
engineering  courses.  One  of  them  is  mining  and  metallurgy.  It 
has  a  professor  of  mineralogy  and  metallurgy  and  a  professor  of 
geology  and  mining.  Mine  surveying  is  taught  in  mines  during 
the  term.  Entrance  age,  sixteen  years.  Course  five  years.  At  the 
end  of  the  fourth  year  the  degree  given  is  B.S.  At  the  end  of  the 
fifth  year  the  degree  is  E.M. 
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Massacliuscttii  Instifufe  of  Ta'hnologij  is  a  school  of  teeliiiolop:y 
with  nine  courses.  One  of  them  is  a  course  in  mining  engineering, 
which  tan  he  taken  with  either  the  engineering,  the  geology,  or  the 
metallurgy  more  pn>nounce(l.  Has  a  professor  of  mining  and 
nictallnrgy,  also  an  instructor  in  mining  and  metallurgy  and  two 
lecturers  in  metallurgy.  Has  a  prominent  mining  laboratory.  Has 
voluntary  summer  school.  Students  enter  at  seventeen.  The  course 
is  four  years.     Degree  of  B.S. 

MvGUl  University  has  a  separate  school  of  applied  science  with 
four  distinct  departments.  One  of  them  is  mining  engineering.  It 
ha.s  a  professor  of  chemistry  and  lecturer  on  assaying  and  mining. 
The  entrance  age  is  usually  sixteen  or  seventeen  years.  Frequent 
geological  excursions  are  made.  The  course  is  four  years  with 
degree  of  B.A.Sc.  After  three  years  more  the  degree  of  M.A.Sc, 
Master  of  Aj)plied  Science. 

Mlssoxiri  University  has  a  school  of  mines  and  metallurgy  at  Rolla, 
with  a  professor  of  civil  and  mine  engineering  and  graphics,  also  a 
professor  of  analytical  chemistry  and  metallurgy.  Has  excursions 
to  metallurgical  works.  The  entering  age  is  not  specified.  There 
are  two  years  of  preparatory  and  three  years  of  technical  training. 
The  degree  is  that  of  M.E. 

Univei'sity  of  California  has  five  scientific  colleges;  one  of  them  is 
a  college  of  mining,  with  a  professor  of  mining  and  metallurgy  and 
an  honorary  professor  of  mining.  It  has  a  mining  laboratory.  Stu- 
dents enter  at  sixteen.  The  course  is  four  years  with  a  degree  of 
B.S.  After  three  years  more,  at  least  one  of  which  is  spent  in 
graduate  study  and  at  least  one  other  in  outside  practice,  the  degree 
of  E.M.  or  E.Met.  is  given. 

University  of  Illinois  has  a  college  of  engineering,  with  four 
schools,  one  of  which  is  a  school  of  mining  engineering,  which  was 
only  established  the  present  year,  and  is  not  fully  equipped.  There 
is  a  professor  of  mining;  a  mining  laboratory  is  contemplated.  Age 
at  entering  fifteen  years.  The  course  is  to  be  four  years,  with  the 
degree  of  B.  S.  One  year's  post-graduate  study  entitles  to  the 
degree  of  E.M. 

University  King^s  College  is  at  Windsor,  Nova  Scotia.  Was 
founded  in  1802.  Has  a  course  in  civil  engineering,  with  alterna- 
tive of  mining.  It  has  a  professor  of  chemistry,  geology,  and 
mining.  It  offers  summer  excursions.  Entering  age  not  specified. 
The  course  is  three  years,  with  the  degree  of  B.E. 

Univa'sily  of  Michigan  has  a  professor  of  mineralogy,  economic 
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geology,  and  raining  engineering,  and  a  professor  of  metallurgy. 
Students  enter  at  sixteen.  Length  of  course  not  specified,  but  covers 
in  fact  four  years.  The  degree  of  B.S.  is  given  when  the  requisite 
number  of  "courses"  have  been  satisfactorily  finished.  A  degree 
in  mining  engineering  is  given  after  post-graduate  course.  In  this 
university  many  students  who  are  candidates  for  degrees  in  science 
or  letters  pursue  mining  and  metallurgical  subjects. 

University  of  Ohio  has  seventeen  courses,  one  of  which  is  mining 
and  metallurgy.  It  has  a  professor  of  mining  and  metallurgy. 
Entering  age  not  specified.  The  course  is  four  years,  with  the  de- 
gree of  M.E.  Total  number  of  graduates  from  the  college  75,  from 
the  mining  course  9.  Students  now  in  the  college  323,  of  whom  14 
are  studying  mining. 

University  of  Pennsylvania  mc\\x(\e?,  the  Towne  Scientific  School, 
with  five  courses,  one  of  which  is  in  geology  and  mining  and  one  is 
chemistry  and  metallurgy.  It  has  a  professor  emeritus  of  geology 
and  mining,  an  acting  professor  of  geology  and  mining,  and  a  lecturer 
on  mining.  A  mining  laboratory  is  contemplated.  There  is  a  summer 
school  in  mine  surveying;  there  are  also  geological  excursions. 
Entering  age  depends  on  proper  preparation  only.  The  course  is 
five  years,  two  years  preparatory,  three  years  technical  work.  The 
degree  is  B.S. 

University  of  Wisconsin  gives  a  course  in  mining  engineering,  also 
one  in  metallurgical  engineering.  Has  a  professor  of  metallurgy. 
There  are  excursions  to  metallurgical  works.  Entering  age  not  fixed. 
The  course  is  four  years.  Degrees  B.Met.E,  and  B.M.E.  Second 
degrees,  given  on  examination  only,  and  after  at  least  one  year  of 
study  and  practice,  Met,E,  and  M.E. 

Washington  University,  St.  Louis,  has  a  polytechnic  school,  with 
four  courses,  one  of  them  is  mining  and  metallurgy.  It  has  a  pro- 
fessor of  mining  and  metallurgy;  has  a  mining  laboratory  in  prepa- 
ration for  next  year;  has  a  prominent  summer  school  of  surveying, 
mining,  and  metallurgy,  attendance  on  which  is  a  requirement.  It 
has  excursions  to  mines  and  works.  Students  enter  at  sixteen. 
The  course  is  four  years,  with  the  degree  of  B,E,  After  one  addi- 
tional year  of  special  study  the  degree  of  E,M,  is  given. 

There  are  three  other  schools  of  mines  contemplated  :  One  at 
Houghton,  Mich.,  which  expects  to  open  its  doors  in  September, 
1886;  one  at  Rapid  City,  Dakota,  named  the  Dakota  School  of 
Mines,  for  which  a  portion  of  the  funds  needed  have  already  been 
appropriated ;  and  at  the  Rose  Polytechnic  School,  Terre  Haute, 
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Ind.,  "a  department  of  mining  cnn;inecring  is  contemplated  but  not 
yet  orgt\nizeil." 


Synopsis  of  Leading  Foreign  Schools. 

The  following  condensed  statements,  taken  mainly  from  the 
catalogues  of  foreign  schools,  are  added  here  for  comparison.  All 
the  Continental  European  schools  enumerated  here,  with  the  excep- 
tion of  those  at  London,  Paris,  and  Berlin,  are  situated  in  the 
centres  of  mining  districts.  Thus,  by  frequent  excursions  to  and 
actual  work  at  mining  and  metallurgical  establishments,  the  stu- 
dents receive  practical  instruction. 

England — London. — The  Royal  School  of  Mines  is  associated 
with  the  Xormal  School  of  Science  at  South  Kensington.  At  the 
latter  school  is  furnished  the  earlier  instruction  in  mathematics, 
chemistry,  physics,  geology,  etc.,;  the  advanced  instruction  in  these 
subjects,  as  well  as  in  mining  and  metallurgy,  is  furnished  by  the 
Royal  School  of  Mines.  I  find  no  mention  of  modern  languages 
being  taught  or  of  their  being  required  for  admission  ;  each  offers 
two  courses,  one  in  mining,  one  in  metallurgy  ;  has  professor  of 
metallurgy  and  professor  of  mining;  only  two  subjects  are  taken 
at  one  time,  to  concentrate  the  work  of  the  pupil.  The  course  of 
metallurgy  consists  of  sixty  lectures,  of  wliich  twenty  are  devoted 
to  fuels,  five  resisting  materials,  furnaces,  and  processes,  while  the 
remaining  forty  are  devoted  to  iron,  steel,  copper,  lead,  silver,  gold, 
and  the  other  metals.  Besides  the  laboratory  for  assaying,  crucible 
work,  and  testing  of  clay,  the  management  of  the  school  is  in  pro- 
cess of  establishing  a  mining  laljoratory  ("small  metallurgical 
plant "),  consisting  of  one  Baxter  crusher,  a  reverberatory  furnace 
with  a  set  of  hearths  interchangeable  to  suit  a  variety  of  processes 
after  the  design  of  the  English  cupellation  furnace,  a  small  water- 
jacketed  blast-furnace  and  fan-blower  for  a  ton  of  lead  ore,  a  Bes- 
semer plant  and  small  blowing-engine,  an  18-inch  pan  amalgamator 
for  silver  ores,  apparatus  for  gold  chlorination,  for  Miller's  process 
for  parting  gold  and  silver  by  chlorine  gas,  and  a  testing  machine. 
Excursions  are  made  to  mines  and  works.  Practical  instruction  in 
mine  surveying  is  given  during  the  second  half  year;  five  days  in 
the  week,  six  hours  per  day. 

Professor  W.  Chandler  Roberts  Austen  states  "  the  more  I  think 
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over  the  subject  of  practical  teachint^,  the  more  convinced  I  am  tliat 
the  American  system  is  right.  Visits  to  works  are  most  valuable, 
but  a  student  gains  more  information  by  actually  working  with 
small  metallurgical  plant  than  by  having  free  access  to  works  even 
in  the  most  favorable  metallurgical  districts." 

The  degree  of  Associate  of  the  Royal  School  of  Mines  is  con- 
ferred. Since  1851  two  hundred  and  thirty-five  persons  have  taken 
the  title,  twenty-three  of  whom  were  Americans.  The  School  fur- 
nishes evening  lectures  for  working  miners. 

Mason  Science  College  prepares  for  examinations  for  degrees  from 
London  University.  Has  a  professor  of  chemistry  and  metallurgy 
and  a  professor  of  mining.  Gives  courses  in  metallurgy  and  applied 
geology  with  summer  field  work  and  excursions.  Gives  courses  in 
mining  for  the  title  of  Mining  Associate  and  a  certificate  of  com- 
petency for  colliery  managers  and  proprietors;  also  evening  lectures 
to  working  miners. 

Victoria  University,  Owens  College,  Manchester,  has  a  professor  of 
engineering  and  geology,  offers  a  course  in  "applied  geology  and  in 
subjects  preparatory  to  mining,"  which  "  is  not  intended  to  super- 
sede the  practical  training  which  is  to  be  obtained  in  the  office  of 
the  mining  engineer  or  in  the  mine."  Has  visits  to  mines;  gives 
certificates. 

Yorkshire  College,  Leeds,  has  a  course  in  coal  mining,  occupying 
two  years,  which  includes  courses  of  lectures  on  mining  engineering, 
chemistry,  and  geology. 

Austria. — There  are  three  Austrian  mining  academies.  Those 
of  Leoben  and  Przibram  (belonging  to  Austria  proper)  are  for  Ger- 
man-speaking students.  The  School  of  Schemnitz  (Hungarian)  is 
intended  for  the  Hungarian  population  of  the  empire. 

One  feature  characteristic  of  the  Austrian  mining  schools  is  the 
great  importance  given  to  the  study  of  mining  and  metallurgical 
machinery.  To  each  of  these  a  special  series  of  lectures,  combined 
with  practical  designing,  is  devoted. 

The  following  condensed  statements  are  taken  from  the  catalogues 
for  the  sake  of  comparison. 

Leoben. — Bergacademie.  Entrance  as  regular  students  requires 
certificate  of  graduation  from  ober  realschule  or  ober  gymnasium. 
Special  students  must  be  at  least  eighteen  years  old.  All  mathe- 
matics preliminary  to  sj)hcrical  trigonometry,  analytical  and  descrip- 
tive geometry  are  required.     The  course  takes  three  years  for  either 
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mining  or  metallurgy  ;  four  years  for  both.  Two  years  are  given 
to  the  preparatory  studies,  and  one  year  eaeh  to  the  strictly  technical 
studies.  Many  short  excursions  are  taken,  and  in  summer  one 
three  weeks  in  length. 

Przihrom. — Bergacademie.  The  student  on  entering  this  academic 
must  have  finished  not  only  the  ordinary  preliminary  studies,  but 
also  the  sciences  (mathematics,  physics,  mechanics,  chemistry, 
mineralogy,  geology,  etc.)  auxiliary  to  the  profession,  as  the  school 
teaches  only  the  purely  technical  branches.  Therefore  the  course  is 
two  yeai*s ;  one  year  for  mining  and  one  for  metallurgy. 

Saxoxy — Freiberg. — Bergakademie.  Entrance  for  regular  stu- 
dents requires  graduation  from  a  realschule  of  first  rank  or  from  a 
gewerbeschule.  Special  students  must  be  seventeen  years  old  or 
more;  must  be  able  to  speak  German  and  French;  to  translate  Eng- 
lish or  Latin  into  German  ;  must  be  prepared  in  algebra  through 
second  degree  equations,  logarithms,  plane  trigonometry,  descriptive 
geometry  up  to  stereotomy,  elementary  physics  or  chemistry,  geog- 
raphy, history,  free-hand  and  geometric  drawing.  The  number  of 
Americans  graduating  from  the  school  since  1872  is  thirteen;  the 
number  who  attended  but  did  not  graduate,  two  hundred  and  forty- 
nine;  number  of  Americans  now  in  the  school,  fourteen. 

This  school  has  a  special  department  for  the  metallurgy  of  iron 
distinct  from  the  department  of  general  metallurgy.  Its  metal- 
lurgical department  stands  higher  than  its  mining  department. 

Prussia  has  three  schools  where  mining  and  metallurgy  are 
taught — the  academies  of  Clausthal  and  Berlin,  which  are  devoted 
entirely  to  these  branches,  and  the  polytechnichum  of  Aachen  (Aix 
la  Chapelle),  which  has  a  mining  department.  A  difference  is  made 
between  private  students  and  those  who  are  candidates  for  govern- 
ment positions.  A  government  student  must  be  a  graduate  from  a 
first  rank  realschule  or  gymnasium.  He  is  then  obliged  to  take 
one  year's  practical  course  in  mines  under  the  direction  of  the  head 
government  mining  official  of  the  district  where  his  application  has 
been  made;  after  this  must  study  three  years,  one  of  which  at  Ber- 
lin. The  conditions  of  admission  for  non-government  and  special 
students  are  about  the  same  as  those  of  Freiberg. 

ClausthaVs  special  features  are  the  geology,  the  deep  mines,  the 
large  concentration  works  of  argentiferous  lead  and  copper  ores. 
Fifty-three  Americans  have  studied  at  the  school;  eight  have 
graduated. 
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Aachen's  specialty  is  the  large  iron,  coal,  and  zinc  industry  in  its 
neighborhood.  Five  Americans  have  studied  at  the  school  since 
1874;  one  American  is  now  at  the  school. 

Every  Saturday  is,  in  both  these  schools,  devoted  to  systematic, 
practical  study  in  mines  or  works. 

Berlin. — This  school  does  not  give  any  degree  whatever  to  non- 
government students,  and  has,  therefore,  no  especially  arranged 
course  for  them  like  the  other  schools.  They  can  be  examined  in 
any  and  all  of  the  subjects  lectured  upon,  and  then  receive  a  special 
certificate.  No  figures  have  been  received  from  Berlin,  and  hence 
the  school  does  not  appear  in  the  table. 

France* — Paris. — Ecole  des  Mines.  A  school  of,  mines  to  fur- 
nish the  government  with  competent  engineers  to  supervise  its  works. 
Preparation  required  is  a  certificate  of  graduation  from  the  poly- 
technic school,  which  includes  French,  arithmetic,  algebra,  geometry, 
plane  trigonometry,  analytical  geometry,  descriptive  geometry  and 
its  plates,  physics,  chemistry,  drawing  (line  and  free-hand).  The 
course  is  three  years ;  age  is  not  less  than  sixteen  nor  more  than 
twenty- five.  The  information  contained  in  the  table  is  taken  from 
a  pamphlet  entitled  Programme  des  Cours  professesd  VEoole  Nationale 
des  3Iines  en  1877-78,  and  evidently  only  covers  the  lecture  room 
work.  Time  given  to  laboratory  work,  field  practice  and  excursions 
is  not  specified. 

Belgium. — Ecole  des  Arts  et  Manufactures  et  des  3Iines,  annexee  a 
I'universite  de  Liege.  The  school  has  four  divisions :  Ecole  des 
mines,  ecole  des  arts  et  manufactures,  section  des  eleves-raecaniciens, 
and  section  des  eleves-electriciens,  which  lead  to  the  diplomas  re- 
spectively— 1.  Ingenieur  honoraire  or  Ingenieur  civil  des  mines; 
2.  Ingenieur  civil  des  arts  et  manufactures;  3.  Ingenieur  civil 
mecanicien  ;  4.  Ingenieur  civil  electricien.  The  normal  duration  of 
the  course  is  five  years  for  the  first  and  four  years  for  the  other 
three  courses.  In  the  mining  course  the  first  two  are  preparatory, 
the  remaining  three  professional.  The  school  is  situated  in  a  flour- 
ishing mining,  metallurgical,  and  manufacturing  centre.  Visits  to 
works  and  geological  excursions  are  frequently  made.  Require- 
ments for  admission:  arithmetic,  metric  system;  algebra,  through 
second  degree  equations;  theory  of  exponents,  binomial  theorem; 
geometry,  plane  trigonometry,  analytic  geometry;  principles  of 
French  language;  drawing,  free-hand  and  linear  drawing.  Entering 
age  not  fixed.     Students  are  rarely  admitted  under  seventeen  years. 

*  See  Postscript. 
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In  atKlition  to  the  anunints  of  time  stated  in  the  table  there  are  given 
also— 

Hours.  Years. 

Mtvlianiqiie  analytiqiie,    .....  378  1,  2 

AstroiKuuie,        .......  312  2 

Statiqiie  graphique,  ......       48  2 

Dessin 752  3,  4,  5 

Physique  indnstrielle,        .....  194  3 

Applicatimis  de  I't^lectricit^,      ....       90  4 

Aroliite<.'ture  indiistrielle,  ....  372  4,  5 

Ecxmomie  industrielle,       .....       30  5 

Geographie  industrielle, 64  5 

The  hours  given  by  this  school  seem  large,  but  they  include  a 
systematic  arrangement  of  recitations  besides  the  lectures,  and  the 
course  is  five  years.  No  Americans  have  graduated  from  this  school, 
but  a  few  have  attended  the  course. 

Sweden. — Stock/iohn  BergssJcolan.  This  mining  school  was  estab- 
lishwl  in  1821,  in  Falun.  In  1869  it  was  removed  to  Stockholm 
and  incorporated  with  the  Kongl.  Tehnisha  HognkoJan.  The  school 
offers  nine  courses;  five  of  them  are  in  mining  or  in  metallurgy. 
In  the  first  year  the  studies  are  common  to  all. 

In  the  metallurofv  of  iron  and  in  mining  an  excellent  summer 
course  is  given.  Professor  Richard  Akerman  writes  me:  "The  2d 
of  May  I  take  the  students  of  the  third  and  fourth  years  of  the 
course  to  an  iron  works,  where  we  remain  for  six  weeks,  during 
which  they  manage  for  themselves  a  small  blast  furnace  of  their 
own,  and  work  in  the  charcoal  hearths,  etc.  After  that  we  visit 
some  other  iron  works,  and  then  begins  the  practical  training  in 
mining  at  a  mine,  where  the  professor  of  mining  takes  care  of  the 
students  for  about  three  weeks,  whereupon  the  professors  of  mining 
and  metallurgy  for  about  a  fortnight  travel  with  the  pupils  to  differ- 
ent mines  and  works.  Of  what  they  have  seen  during  these  travels 
the  students  have  to  elaborate  descriptions  till  the  beginning  of 
October,  during  which  month  they  are  examined." 

Australia. — B<tllarat  School  of  Mines.  Not  yet  affiliated  to  the 
University,  although  it  prepares  students  in  mining  among  other 
subjects.  It  gives  "certificates  of  competency"  in  assaying,  includ- 
ing metallurgy.  It  has  a  well-equipped  mining  laV)oratory  with  six 
lecturers  and  professors  of  mining  subjects,  and  prepares  students 
for  University  degree  examinations. 
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Statement  of   Summer   Schools,  Laboratories  and   Prac- 
tical Work. 

The  following  statement  outlines  for  the  several  technical  schools 
the  amount  and  kind  of  practical  training  in  the  works,  and  the 
amount  and  kind  of  the  mining  laboratory  apparatus  available  for 
practical  training  in  the  school,  over  and  above  the  chemical  labora- 
tories and  the  laboratories  for  assaying  and  crucible  work. 

Colorado  School  of  Klines. — Excursions  made  weekly  to  points  of 
geological  interest.  Three  excursions  made  annually  to  mining  and 
smelting  points. 

Columbia  College  School  of  Mines. — Mining  laboratory  contains 
sample-grinder,  three  rock-breakers,  rolls,  jigs,  three-stamp  battery, 
amalgamated  plates,  Frue  vanner,  Golden  Gate  concentrator,  Imlay 
vanner,  amalgamating-pan,  settler,  lixiviation-tubs,  calcining  rever- 
beratoiy  furnace  and  pot  furnaces.  About  one  hundred  hours  de- 
voted to  mining  laboratory.  Summer  Schools:  End  of  the  iirst  and 
third  years,  memoirs,  required.  End  of  second  year,  surveying  school 
for  six  weeks,  required.  The  same  summer  school  for  study  of 
mechanical  engineering  in  machine  shops,  voluntary.  End  of  third 
year,  summer  school  for  systematic  study  of  practical  mining  and 
underground  surveying  for  six  weeks,  required.  End  of  fourth  year, 
practical  work  in  machine  design  contemplated. 

Lehigh  University. — Opportunity  for  local  excursions  throughout 
the  school  year.  A  practical  course  in  mine  surveying  is  given  for 
three  or  four  days  during  the  term,  fourth  year. 

Massachusetts  Institute  of  Technology. — Mining  laboratory  con- 
tains sample-grinder,  rock-breaker,  rolls,  sizing-sieves,  separator, 
jigs,  convex  buddle,  three-stamp  battery,  amalgamated  plates,  Frue 
vanner,  four  amalgamating-pans,  settler,  ball  grinder  and  amalga- 
mator, four  Morrell  automatic  agate  mortars,  two  sets  lixiviating- 
tubs,  40  gallons  and  8  gallons  respectively,  dynamos  for  depositing, 
lead-smelting  reverberatory,  water-jacket  cupola,  melting-kettle, 
cupellation-furnace  and  heat-recuperative  furnace  combined,  copper 
refinery,  calcining  reverberatories  for  200-pound  and  for  20-pound 
charges  respectively,  pot  furnaces,  roasting-kiln,  forge.  Fifteen 
weeks  of  eight  hours  each,  and  fifteen  weeks  of  twelve  hours  each, 
devoted  to  mining  laboratory.  Summer  School:  At  the  end  of  the 
third  or  fourth  year  examinations  of  mines  and  works,  for  three 
weeks.     Attendance  voluntary. 
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Missouri  Unira'siti/. — School  of  niinos  at  Kolla.  Excursions  are 
made  tluring  tlie  term  to  mines,  and  to  iron,  lead,  and  zinc  works, 
and  extensive  field  practice  is  given  in  surveying. 

Uuirersitt/  of  Ca/ijoruia. — Has  mining  and  metallurgical  labora- 
tories just  erected,  M-liich  are  now  being  equipped  so  as  to  contain  a 
complete  plant  for  sampling,  concentrating,  milling,  roasting,  and 
leaching  the  gold  and  silver  ores  of  California.  The  present  plant 
consists  often-horse  power  dynamometer.  Dodge  crusher  6x4,  Krom 
fine  crusher,  Krom  steel  rolls,  California  battery  of  three  stamps  500 
pounds  each,  Sturtevant  6-inch  jiulverizer,  Frisbee  &  Lucop  12-inch 
mill,  set  of  shaking  screens,  Krom  air-jig,  set  of  Spitzkasten  and 
Spitzlutten,  Frue  vanner  arranged  with  side  and  end  shake,  amalga- 
niating-pans,  settlers,  calcining  reverberatory  furnace,  and  leaching 
tubs.  Space  is  available  for  smelting  outfit  whenever  it  is  considered 
advisable.  Summer  School:  Excursions  for  mining  and  railroad 
-urveying  during  the  summer  are  open  to  all  students  of  the  mining 
course,  and  are  largely  attended.  Excursions  to  mines,  smelting 
works,  and  other  industrial  manufacturing  establishments  are 
arranged  for  all  students  in  mining  and  metallurgy  ;  the  time  given 
to  them  ranges  from  a  few  days  to  ten  weeks  in  the  summer. 

University  of  Illinois. — Mining  department  established  during  the 
])resent  year.     Mining  laboratory  contemplated. 

UnircrsUy  of  Ohio. — ^Memoirs  are  required  which  necessitate' 
visits  to  mines  on  the  part  of  the  students. 

Universiiy  of  Pennsylvania. — Mining  laboratory  contemplated. 
Summer  schools  and  excursions.  In  the  third  year  four  excursions 
of  one  day  each,  one  excursion  of  two  weeks.  In  the  fourth  year 
four  excursions  of  one  day  each,  one  excursion  of  two  weeks.  In 
the  fifth  year  three  weeks  in  the  coal  mines  and  six  days  in  metal- 
lurgical works. 

Washington  University. — Mining  laboratory  to  be  completed  in 
the  fall  of  1886,  will  include  a  well-appointed  ore  dressing  and 
metallurgical  plant.  Summer  Schools:  At  the  end  of  the  second 
year  four  weeks  of  surveying  and  a  memoir  required.  At  the  end 
of  the  third  year  six  or  eight  weeks  at  the  mines  and  works  required. 
At  the  end  of  the  fourth  year  six  or  eight  weeks  at  the  mines  or 
works  required. 

The  following  tables  give  the  amount  of  time  devoted  to  all  the 
more  important  subjects  by  the  several  mining  schools. 
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TABLE  SHOWING  REQUIREMENTS  FOR  ADMISSION  AT 
TEN  AMERICAN  SCHOOLS. 


Subjects. 


J  ^  o 

(>-.]•-■; 

►Jo  _:;3  g  o 


•—    >  r  I  >  ^ 


^P 


+ 


+ 


+ 


Rhetoric 

English  Grammar 

English  Literature 

English  History 

A merican  History 

General  History 

Geograpiiy 

Physical  Geograpiiy 

Elementary  German 

Elementary  French 

Composition 

Latin 

Arithmetic 

Metric  System 

Algebra,  through  Quad's 

Plane  Geometry 

Plane  and  Solid  Geometry 

Elementary  Trigonometry 

Elementary  Physics 

Elementary  Chemistry 

Elementary  Mineralogy 

Elementary  Geology 

Elementary  Zoology 

Elementary  Physiology 

Elemen ta ry  Botany 

Drawing  (Free-hand) 


+ 


+ 


+ 


+ 


+ 


+ 


-\-  Required. 

0  One  of  these  obligatory. 

—  One  of  these  obligatory. 

/  Two  of  these  obligatory. 

=  Advanced  German  and  French  required. 

After  making  oat  these  tables  my  first  feeling  was  that  of  surprise 
and  pleasure  to  see  what  an  amount  of  good  work  is  being  done  by 
our  American  Schools  of  Mining.  We  seem  to  have  arrived  at  the 
period  looked  forward  to  by  Mr.  J.  C.  Bartlett,  when  he  in  1877 
wrote  :t  *'  Herein  lies  the  great  advantage  of  studying  in  Germany, 
and  in  spite  of  the  discomforts  and  expense,  our  students  will  con- 
tinue to  go  thither  till  some  definite,  sure  and  permanent  connection 


*  Entrance  examination  can  be  divided  between  two  years.        f   Trans,  v.  440. 
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is  establislieii  between  our  schools  ami  the  mines  and  metallurgical 
works.' 

The  question  which  we  now  come  to  is,  Ought  not  the  school  to  do 
still  better  work?  We  can  learn  something  in  this  direction  by 
comparing  the  engineering  profession  with  the  learned  professions, 
law,  mcilicine,  theology.  Students  who  prepare  themselves  for  these 
professions  generally  go  through  a  high  or  Latin  school,  through  a 
collegiate  course  and  then  to  the  professional  school.  Whereas  the 
engineering  student  comes  from  the  high  school  directly  to  his  tech- 
nical school. 

The  former  course  has  the  advantage  of  the  student's  greater  ma- 
turity at  the  time  he  is  studying  the  technical  parts  of  his  profession 
and  the  disadvantage  that  the  student  has  passed  the  age  of  the 
greatest  acquisitiveness. 

The  latter  has  the  advantage  that  the  student  is  working  upon 
his  profession  at  the  age  of  greatest  acquisitiveness  but  the  disad- 
vantage of  his  lack  of  maturity. 

From  the  following  table  it  is  easy  to  see  how  much  more  mature 
in  yeare  the  students  iu  law,  medicine,  and  theology  must  be  than 
the  students  in  engineering. 


Law  Schools. 


Course. 

Catalogue. 

Students  had  College  diploma 

Yale  Law  School, 

2 

years 

1878-9 

48.3 

per  cent. 

Yale  Law  Scliool, 

3 

1885-6 

39 

(1 

Harvard  Law  School 

3 

1885-6 

70 

(I 

Washington  L'niv., 

2 

1885-6 

57 

(1 

Michigan  Lniv., 

3 

1876 

15 

It 

L'niversity  Cal., 

3 

1886 

11 

(( 

Columbia  Univereity 

,  average 

for  10  years 

'76  to 

'86 

55 

(< 

Medical  Schools. 


Course. 

Catalogue. 

students  had  College  diploma 

Yale, 

2 

years 

1878-9 

27.6 

per  cent. 

Yale, 

3 

« 

1885-6 

42 

Harvard, 

3 

i( 

1885-6 

55 

Mich.  L'niven<ity, 

3 

(( 

1876 

11 

Mich  University, 

1886 

11 

University  of  Cal., 

3 

K 

1886 

12.2 

University  of  Pa., 

3 

(( 

1886 

33 
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Theological  Schools. 

Course.  Catalogue.       Students  had  College  diploma. 

Yale,  3  years  1878-9  77      per  cent. 

Yale,  3     "  1885-6  78 

Harvard,  3     "  1885-6  90  " 

Andover,  3      "  '20  to '29  93.6  " 

Andover,  3     "  '70  to  '79  88.5  " 

Berkeley  Divinity,  38  years  to  1886,   ....  80.9  " 

Union  Theological  Seminary,  Catalogue  1884-5,         .  98  " 

Auburn  Theological  Seminary,        "  1885-6,        .  83.3  " 

Newton  Theological  Seminary,   .....  90  " 

Drew,  1881 39 

Hartford  Theological  Seminary,  ....  93  " 

Baptist  Union  Theological  Seminary,  Chicago,  1883-4,  86  " 

From  these  tables  we  find  that : 

In  an  average  ot"  seven  law  schools  42  per  cent,  of  students  are 
college  graduates.  In  an  average  of  seven  medical  schools  27  per 
cent,  are  college  graduates.  In  an  average  of  eleven  theological 
schools  87  per  cent,  are  college  graduates. 

I  have  not  obtained  a  similar  set  of  statistics  from  the  leading 
engineering  schools,  but  a  glance  at  the  catalogues  shows  that  they 
have  but  a  very  few  college  graduates  among  their  students. 

It  is  not  by  any  means  certain  that  a  collegiate  course  offers  the 
best  preparation  for  the  engineering  school,  and,  further,  it  seems 
certain  that  we  shall  not  in  the  near  future  have  any  considerable 
number  of  college  graduates  within  our  technical  schools.  In  what 
other  direction  then  must  we  look  for  improvement  in  our  .schools? 

The  raising  of  the  age  and  standard  of  admission  to  any  great  ex- 
tent is  plainly  out  of  the  question  while  the  high  school  does  tiie 
fitting  for  the  technical  school.  The  age  may  be  raised  to  17  and 
possibly  to  18  years,  and  the  French  and  (jierman  languages  required 
for  admission.  Columbia  School  of  INIines  has  already  set  us  a  good 
exaniple  in  both  these  respects.  I  understand  her  minimum  age 
for  future  classes  will  be  18  years.  This  plan  would  relieve  the 
earlier  years  of  the  technical  school,  of  work  that  does  not  belong  to 
them.  If  now  we  can  add  to  this  a  fifth  year,  we  shall  then  have 
the  course  nearly  all  within  the  years  of  greatest  acquisitivene.ss  (16 
to  22  years  according  to  the  authorities),  the  last  year  being  at  an 
age  of  sufficient  maturity  to  bring  the  student  to  his  advanced  pro- 
fessional work  in  the  very  best  condition  of  preparation,  and,  it 
.seems  to  me,  that  this  is  the  goal  at  the  present  time  towards  which 
the  mining  schools  of  the  country  should  aim. 


AMERICAN    MINING   SCHOOLS.  339 


Postscript. 

Since  the  foregoing  address  was  put  in  type  I  have  received  more 
recent  and  detailed  partieuhirs  concerning  the  French  schools,  for 
which  I  am  chietly  indebted  to  M.  Paul  Luuyt,  Director  of"  the 
Ecole  Xationale  Siipcricure  cles  Mines. 

The  school  was  established  in  1778,  and  re-established  at  Paris 
in  1816.  It  receives  four  classes  of  students,  ^eres  ingenicurs, 
e.rterneji,  ^(rangers,  am\  libres,  or  students  for  the  government  service, 
students  for  private  careers,  foreign  students,  and  students  in  special 
courses. 

The  first-class  are  selected  and  appointed  by  decree  from  among 
the  graduates  of  the  iJcoIe  Polytechniqae. 

The  second  class  are  admitted  upon  comj>etitive  examination,  the 
number  of  vacancies  being  annually  fixed  by  the  Council  of"  the 
school.  Candidates  must  be  native  or  naturalized  French  citizens, 
not  less  than  seventeen  or  more  than  twenty-three  years  old.  The 
examination  includes  chirography,  orthography,  the  infinitesimal 
calculus,  mechanics,  descriptive  geometry  and  its  applications,  those 
parts  of  physics  which  treat  of  gases,  vapors,  heat  and  optical  instru- 
ments, general  chemistry  and  drawing.  Preference  is  given,  first, 
to  the  graduates  of  the  preparatory  course  of  the  school  itself;  sec- 
ondly, to  those  graduates  of  the  polytechnic  school  who,  although 
not  successful  as  candidates  for  appointment  in  the  first  class, 
have  obtained  at  graduation  a  certain  number  of  marks  for  scholar- 
ship. 

Candidates  for  the  second  class  who  cannot  pass  the  entrance- 
examination  may  be  admitted  on  less  rigorous  conditions  to  the 
preparatory  course  of  one  year  (or  more  strictly,  from  the  7th  of 
November  to  the  end  of  May).  The  requirements  for  admission  to 
the  preparatory  course  are  a  good  hand-writing  and  correct  spelling, 
drawing  (from  copies),  geography,  arithmetic,  algebra,  geometry, 
plane  trigonometry,  analytic  and  descriptive  geometry,  physics, 
chemistry  of  the  metalloids.  The  minimum  age  of  admission  is 
sixteen,  the  maximum,  twenty-two. 

Students  of  the  third  class  are  admitted  to  the  school  or  the  pre- 
paratory course  by  the  order  of  the  Minister  of  Public  Works,  upon 
request  of  the  representatives  of  the  countries  to  which  they  belong, 
and  after  passing  the  requisite  examination. 

The  fourth  class  are  permitted  upon  their  own  application,  ap- 
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proved  by  the  Minister,  to  attend  the  lectures  and  practical  exercises 
of  the  school.     They  pass  no  examinations. 

Tiie  course  of  the  school  is  three  years  long.  Graduates  of  the 
first  class  are  appointed  in  the  government  service  as  ingenieurs  ordi- 
naires  de  troisihne  classe.  The  second  class  receive  diplomas  [bre- 
vets), and  the  foreign  students,  certificates  [certificats  d'etude).  There 
are  no  degrees,  in  our  sense  of  the  term. 

The  number  of  students  at  the  Ecole  des  Mines  this  year  is  reported 
as  follows:  ingenieurs^  18;  externes,  71;  etra'iigers,  22  (none  from 
the  United  States) ;  in  the  preparatory  course,  49  native  and  8  foreign 
students.  The  total  number  of  graduates  since  1820  has  been  about 
700.  This  year  there  were  24,  besides  those  who  entered  the  gov- 
ernment service.  The  number  of  the  latter  varies  from  year  to  year, 
according  to  the  needs  of  the  service.  The  Corps  de  Mines  is  main- 
tained at  about  150  members  of  all  ranks.  This  country  furnished 
to  the  school  43  students  from  1817  to  1874.  Since  the  latter  year 
there  have  been  no  American  students  there. 

In  addition  to  the  school  at  Paris,  there  is  the  Ecole  des  Mines  de 
Saint- JElienne,  which  comprises  this  year,  80  students,  79  native  and 
one  foreign;  and  there  are  also  the  Ecole  des  Maitres-Ouvriers 
Mineurs  d'Alais  and  the  Ecole  des  Maitres-  Oavriers  Mineurs  de  Douai. 
But  these  two,  corresponding  with  the  Steigerschulen  of  Germany, 
do  not  fall  within  the  scope  of  my  address. 


THE  ATTAINMENT  OF  UNIFORMITY  IN    THE  BESSEMEB 

PEOCESS. 

BY  H.   M.   HOWE,    BOSTON,   MASS. 

(Bethlehem  Meeting,  May,  1886.) 

The  tenacity  with  which  a  bad  name  adheres  to  a  process  is  M-ell 
illustrated  by  the  prevalent  belief  in  the  irregularity  of  the  product 
of  the  Bessemer  converter.  We  have  been  lately  told  by  an  eloquent 
member  that  lack  of  uniformity  is  the  name  of  Bessemer  steel,  and 
that  uniform  soft  steel  can  only  be  made  in  the  Clapp-Griffiths 
Bessemer  converter.  Yet  I  believe  that,  however  irregular  the  per- 
centage of  carbon  in  Bessemer  steel  may  have  been  formerly,  to-day 
it  is  well-nigh  completely  under  control.  Indeed,  the  results  of  a 
large  number  of  analyses  that  I  have  studied  go  to  show  that  the 
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Bessemer  process  is  to-day  not  only  far  more  uniform  tlian  the  cruci- 
ble process,  but,  when  produeins:  soft  steel,  even  more  so  than  the 
o|">en  hearth  :  they  do  not  establish  this  conclusion,  they  merely  point 
toward  it. 

My  data  were  obtained  while  gathering  materials  for  a  work  on 
steel  metallurgy  which  the  Engineering  and  Mining  Journal  now 
has  in  preparation;  and  it  is  by  the  courtesy  of  its  editors  that  I  am 
enabled  to  jiresent  my  results  here. 

The  plan  which  I  have  pursued  in  studying  this  subject  is  the 
following:  I  have  obtained  from  eight  different  Bessemer  works* 
the  percentage  of  carbon  in  a  large  number  of  consecutive  heats.  In 
all  but  one  of  tiiese  cases,  I  selected  the  period  covered  by  these 
heats  wholly  at  random,  and  with  absolutely  no  information  as  to 
whether  it  would  represent  their  most  or  their  least  uniform  work. 
You  may  call  each  such  set  of  heats  a  mere  straw;  but  when  all  the 
straws  point  in  the  same  direction,  we  may  guess  which  way  the 
wind  blows.  I  have  also  obtained  similar  data  concerning  the  open- 
liearth  steel  of  the  Otis  Works,t  and  of  another  w^orks  of  the  very 
highest  reputation  ;  while  Mr.  P.  G.  Salom's|  paper  on  chemical 

*  The  Bethlehem  analyses  I  obtained  from  Dr.  Raymond's  remarks  in  the  dis- 
cussion on  Mr.  J.  P.  Witherow's  paper  on  tlie  Clapp-Griffitlis  converter,  read  at  the 
Pittsburgh  meeting,  February,  1886.  All  the  rest  I  obtained  directly  from  the  works 
tliemselves  froni  authentic  records.  The  Bethlehem  results  represent  all  the  heats 
of  soft  steel  made  during  the  period  covered,  tliongh  several,  if  not  all,  of  these  heats 
of  soft  steel  were  immediately  followed  by  heats  of  rail  steel.  The  results  obtained 
from  the  other  Bessemer  works  repre.'^ent  absolutely  consecutive  heats. 

t  The  figures  concerning  the  Otis  steel  were  deduced  from  the  results  of  a  large 
number  of  consecutive  determinations  of  tensile  strength,  by  assuming  that  boiler- 
plate steel  of  0.12,  0.13,  and  0.14  carbon  would  liave  a  tensile  strength  of  57,000, 
58,600,  and  60,000  pounds  respectively  per  square  inch — the  figures  obtained  by 
Mr.  William  Kent  from  an  analysis  of  Mr.  Salom's  paper  already  referred  to.  Any 
other  probable  assumption  as  to  the  relation  between  tensile  strength  and  percent- 
age of  carbon  would  give  almost  the  same  results  as  regards  the  points  covered  in 
the  present  paper,  the  maximum  and  the  average  deviations  from  the  average  com- 
position. 

The  Otis  plates,  however,  varied  slightly  in  thickness,  and  tliese  variations  would 
in  themselves  cause  slight  variations  in  tensile  strength,  even  if  the  plates  were  all 
obtained  from  one  and  the  same  cast,  and  tliey  hence  tend  to  exaggerate  the  appa- 
rent irregularities  in  carbon  as  deduced  from  the  tensile  strength.  This  considera- 
tion weakens  the  evidence  ftirnislied  by  this  lot  of  steel  as  to  the  uniformity  in  carbon 
of  open-hearth  steel.  But  no  such  consideration  affects  the  evidence  afforded  by  the 
Chester  Rolling-Mills  lot  and  by  lot  C;  and  as  the  deviation  found  in  the  Otis  lot 
closely  approaches  the  deviation  of  these  other  lots,  it  is  here  brought  forward  merely 
to  strengthen  their  evidence. 

X  In  Mr.  Salom's  paper  {Tnmaactions,  xii.,  p.  661),  the  percentage  of  carbon  is 
omitted  in  a  few  of  the  heats,  so  that  the  heats  composing  this  set  are  not  strictly 
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and  ])liysical  tests  gives  us  the  carbon  of  162  heats  made  at  the 
Chester  Rolling-Mil  Is. 

Now,  confining  ourselves  for  the  moment  to  any  one  set  of  con- 
secutive heats,  we  first  determine  its  average  percentage  of  carbon. 
The  difference  between  this  average  percentage  and  the  percentage 
of  carbon  in  any  one  heat  we  may  call  the  deviation  of  that  heat  from 
the  average;  and  by  taking  the  sum  of  all  these  deviations,  regard- 
less of  whether  they  be  deviations  in  excess  or  in  deficit,  we  may 
readily  find  their  average,  which  we  may  term  the  average  deviation 
of  the  particular  set  of  heats  in  question. 

In  the  following  table  are  given  the  average  percentage  of  carbon 
of  each  of  these  sets;  the  maximum  deviation  from  this  average  oc- 
curring in  each  set;  and  the  average  deviation  of  each  set. 

This  number,  the  average  deviation,  appears  to  me  to  be  a  fair 
index  of  the  uniformity  of  the  composition  of  a  set  of  heats.  It  is 
much  less  dependent  on  the  number  of  heats  that  compose  the  set 
than  the  maximum  deviation  is  :  for  while  we  may  very  slightly 
alter  the  average  deviation  by  increasing  the  number  of  heats  in  the 
set,  we  are  as  likely  to  diminish  as  to  increase  it  thereby ;  while  the 
more  heats  a  set  has,  the  greater  is  the  maximum  deviation  likely  to 
be,  since,  with  a  greater  number  of  heats,  we  are  more  likely  to  in- 
clude some  one  heat  that  differs  greatly  from  the  average. 

I  think  we  can  get  little  trustworthy  information  as  to  the  uniform- 
ity of  the  steel  by  comparing  the  average  composition  of  all  the  heats 
of  one  day  witii  similar  averages  obtained  on  other  days,  because, 
though  the  percentage  of  carbon  in  each  day  may  be  very  irregular, 
yet  these  irregularities  may,  and  indeed  often  do,  pretty  nearly  bal- 
ance each  other,  so  that  the  average  of  one  day  may  be  much  like 
that  of  another.  The  average  temperature  of  one  New  England 
decade  may  be  almost  identical  with  that  of  another,  while  many 
times  each  year  the  thermometer  may  have  jumped  40  degrees  in 
twenty-four  hours. 

Soft  vs.  Hard  Bessemer  Steel. — Soft  Bessemer  steel  is,  as  we  might 
expect,  nuich  more  uniform  than  rail  steel.  Thus,  the  average  of 
the  three  average  deviations  of  the  three  lots  of  Bessemer  rail-steel 

consecutive.  But  the  omissions  are  few,  and  there  is  nothing  in  the  physical  prop" 
erties  of  the  heats  whose  carbon  is  omitted  to  suggest  an  abnormal  percentage  of 
carbon. 

In  lot  C  the  heats  were  consecutive,  but  difTercnt  percentages  of  carbon  were  aimed 
at.  I  have  here  taken  as  tlic  deviations  of  the  individual  heats,  the  dillerences  be- 
tween the  percentages  aimed  at  and  the  percentages  of  carbon  actually  found  in  the 
steel  by  analysis. 
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is  over  three  times  (accurately,  3.39  times)  as  great  as  the  average 
of  the  four  average  deviations  of  the  four  lots  of  soft  Bessemer  steel ; 
or,  if  we  omit  the  Clapp-GriiHths  lot  of  soft  steel  as  not  strictly  com- 
parable, the  average  deviation  of  the  three  lots  of  rail  steel  is  over 
five  times  (accurately,  5.32  times)  as  great  as  that  of  the  soft  steels. 

Now,  whv  is  the  soft  Bessemer  steel  so  much  more  unii'orm  than 
the  rail  steel?  It  may  be  partly  because  greater  care  and  skill  are 
exercised  in  making  soft  steel,  and  partly  because  the  removal  of 
carbon  is  more  rapid  from  steel  that  contains  a  considerable  amount 
of  this  element,  say  from  0.35  to  0.45  per  cent.,  as  in  rail  steel,  than 
from  steel  that  is  almost  free  from  carbon,  so  that  variations  in  the 
strength  of  the  decarburizing  tendencies  and  in  tiie  length  of  time 
during  which  the  molten  steel  is  exposed  to  them  have  a  greater 
absolute  effect  in  varying  the  percentage  of  carbon  in  the  former  than 
in  the  latter. 

But  if  this  were  the  chief  determining  cause  of  the  greater  uni- 
formity of  carbon  in  the  very  soft  Bessemer  steel,  then  we  should 
also  expect  to  find,  in  the  case  of  the  soft  open-hearth  steels  as  well, 
greater  uniformity  in  the  percentage  of  carbon  than  in  open-hearth 
steel  richer  in  carbon.  But  this  we  do  not  find  in  the  three  lots  of 
open-hearth  steel  whose  average  deviations  are  given  in  the  table,  as 
we  shall  shortly  see. 

The  chief  cause  of  the  greater  uniformity  of  low- carbon  Bessemer 
steel  I  believe  to  be  the  following:  In  making  it,  the  steel  is  blown 
often  for  upwards  of  half  a  minute  after  the  drop  of  the  flame,  so 
that  the  carbon  is  almost  completely  removed  before  the  recarburizer 
is  added.  Now,  variations  in  the  strength  of  the  oxidizing  condi- 
tions, or  in  the  time  during  which  the  metal  is  exposed  to  them, 
will,  with  these  long  overblows,  have  little  effect  on  the  amount  of 
carbon  in  the  blown  but  unrecarburized  steel.  After  the  carbon  has 
fallen  to  0.05  per  cent.,  further  ])rolonged  blowing  removes  the 
remaining  carbon  only  very  slowly:  its  chief  effect  is  to  burn  iron. 
Now,  variations  in  the  length  and  effectiveness  of  the  over-blow  may 
indeed  give  rise  to  corres|)onding  variations  in  the  amount  of  iron 
oxide  stored  up  in  the  blown  but  unrecarburized  steel ;  but  these 
variations  will  chiefly  affect  not  the  amount  of  carbon  that  is  oxidized 
when  the  recarburizer  is  added,  but  the  amount  of  manganese  which 
is  then  oxidized,  because  the  recarburizer  employed  in  making  this 
low-carbon  steel  contains  so  much  more  Mn  than  C.  Hence  we  may 
find  that,  while  this  soft  steel  is  astonishingly  uniform  in  its  percent- 
age of  carbon,  the  percentage  of  Mn  that  it  contains  varies  very 
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greatly.  This  is  illustrated  by  the  case  of  19  consecutive  heats  of 
Vulcan  steel,  whose  average  deviation  of  carbon  in  only  0.0062  per 
cent.,  while  their  average  deviation  in  manganese  is  no  less  than 
0.096  per  cent.,  or  15.5  times  as  great.  In  tlie  Bethlehem  steel  the 
Mn  is  somewhat  more  uniform,  yet  its  average  deviation  is  no  less 
than  10.55  as  great  as  that  of  the  carbon,  the  average  deviation  of 
these  two  elements  being  respectively  0.0036  and  0.0380,  per  cent. 

Fortunately,  a  given  variation  in  the  percentage  of  Mn  in  the 
steel  affects  its  properties  vastly  less  than  a  variation  of  the  same 
amount  in  the  percentage  of  carbon  would. 

Now,  when  Ave  come  to  the  case  of  rail-steel,  we  find  a  very 
different  condition  of  things.  Here  the  temptation  is  strong  to  stop 
the  operation  almost  immediately  after  the  flame  drops,  because 
every  second  that  we  blow  after  that  delays  operations,  consumes 
power  for  blowing,  and  wastes  material  by  increasing  the  amount  of 
Mn  and  C  that  will  be  oxidized  when  we  come  to  recarburize.  But 
even  if  we  attempt  to  secure  uniformity  in  the  carbon  contents  of 
the  blown  but  unrecarburized  metal  by  over-blowing  it,  this  will  not 
insure  uniformity  in  the  carbon  of  the  recarburized  steel ;  for  in  this 
case,  in  order  to  introduce  the  required  0.35  to  0.45  per  cent,  of 
carbon,  we  are  compelled  to  employ  a  recarburizer  whose  percentage 
of  carbon  is  large  compared  with  that  of  its  manganese,  so  that  the 
unavoidable  irregularities  in  the  over-blow  will  affect  the  percentage 
of  carbon  much  more  than  in  the  case  of  soft  steel,  where  the  recar- 
burizer contains  much  Mn  and  little  C.  In  other  words,  in  rail- 
steel  carbon  is  more  readily  and  more  irregularly  oxidized  because 
more  carbon  is  present. 

Open-Hearth  vs.  Bessemer. — Next,  comparing  the  uniformity  of 
the  three  lots  of  open-hearth  steel  with  that  of  our  Bessemer  steel, 
we  find,  what  is  to  me  somewhat  of  a  surprise,  that  the  average 
deviation  of  the  open-hearth  steel  is  actually  over  four  times  (accu- 
rately, 4.32  times)  as  great  as  that  of  the  soft  Bessemer  steel,  omitting 
as  before  the  Clapp-Griffiths  Works  lot,  and  that  the  smallest  of  the 
average  deviations  of  the  open-hearth  steel  is  nearly  three  times 
(accurately,  2.679  times)  as  large  as  the  largest  average  deviation  in 
the  four  lots  of  soft  Bessemer  steel. 

Again,  when  we  come  to  compare  the  open-hearth  steel  with  the 
Bessemer  rail-steel,  we  should  expect  to  find  the  former  very  much 
more  uniform  than  the  latter:  1st.  Because  the  open-hearth  has  a 
better  rei)utation  for  uniformity  ;  2d.  liecausc  the  boiler  j>late  and 
other  special  grades  of  steel  represented  by  the  results  that  we  are 
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studyinir  are  made  much  more  carefully  than  Bessemer  rail-steel, 
and  because  uniformity  in  their  percentage  of  carbon  would  a|ipear 
to  be  very  mucii  more  important  than  in  the  case  of  rail-steel ;  3d. 
Bei-ause  the  open-hearth  steel  is  in  two  out  of  the  three  instances 
much  lower  in  carbon  than  the  Bessemer  rail-steel.  But,  in  point 
of  fact,  there  is  no  very  strii<ing  ditference  in  the  uniformity  of 
these  two  classes  of  steel,  the  average  deviation  of  the  three  lots  of 
open-hearth  steel  being  81.37  per  cent,  of  the  average  deviation  of 
the  three  lots  of  rail-steel. 

Large  vs.  Small  Heats. — The  analogy  of  many  other  metallurgical 
processes  would  lead  us  to  expect  greater  uniformity  among  large 
than  among  small  heats.  To  take  a  single  instance,  in  copper 
refining  it  is  so  extremely  diflficult  to  keep  small  heats  at  pitch  that 
most  refiners  do  not  attempt  to  control  the  pitch  of  the  last  portions 
of  copper  ladled  from  the  furnace.  But  we  should  hardly  expect  to 
find  the  tremendous  ditference  that  here  presents  itself.  The  average 
deviation  in  the  Clap[)-Griffiths  steel  is  nearly  four  times  (accurately, 
3.8-^ times)  as  great  as  the  average  of  the  average  deviations  of  the 
four  other  lots  of  soft  Bessemer  steel,  and  2.68  times  as  large  as  the 
largest  of  them.  This  result  is  most  surprising  to  me,  and  it  may 
well  be  that  this  particular  lot  of  Clapp-Griffiths  steel  is  unusually 
irregular,  although  the  superintendent  from  whom  I  obtained  the 
figures  informed  me  that  it  represented  about  their  ordinary 
work.* 

*  If  we  drop  from  the  Clapp-Griffitlis  lot  one  apparently  abnormal  heat,  the 
average  deviation  is  reduced  to  0.0129  ;  but  this  is  still  many  times  greater  than  the 
largest  average  deviation  of  the  other  lots  of  soft  steel. 

[Fearing  that  by  quoting  this  irregular  lot  of  steel  I  might  have  done  the  Clapp- 
GriflBths  vessel  an  injustice,  I  have,  since  writing  this  paper,  applied  to  the  super- 
intendent of  another  Bessemer  works  with  Clapp-Crriffiths  vessels,  who  has  given 
me  the  carbons  of  164  consecutive  heats  during  a  period  which  I  selected  at  random. 
We  find  among  them  ten  abnormal  heats  to  which  I  will  shortly  refer.  Omitting 
these,  we  find  the  average  deviation  slightly  less  than  in  the  first  Clapp-Griffiths 
lot,  but  still  about  three  times  as  great  as  the  average  deviation  of  the  other  lots  of 
soft  steel.  Retaining  these  ten  abnormal  heats,  the  average  deviation  rises  to  over 
six  times  that  of  the  other  lots  of  soft  Bessemer  steel. 

Seven  of  these  ten  abnormal  heats  are  due  to  "tapping  young,"  which  I  have  ob- 
served with  Clapp-GriflSths  vessels  elsewhere,  i.e.,  to  paring  the  tapping  notch  too 
thin,  so  that  the  steel  breaks  out  before  the  heat  is  finished.  Now,  while  the  other 
slight  irregularities  which  form  the  subject  of  this  paper  are  so  minute  as  to  be  of 
little  practical  importance,  a  plant  which  permits  seven  out  of  163  heats  to  be  tapped 
so  young  as  to  make  the  carbon  vary  from  the  point  aimed  at  by  from  .05  to  .37  per 
cent,  of  carbon,  is  hardly  one  of  which  its  promoters  can  justly  say  that  it  is  the  only 
one  in  which  uniformly  soft  steel  can  be  made.    The  carbons  in  these  seven  heats 
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Direct  vs.  Cupola- Milted  Iron. — Of"  the  three  lots  of  Bessemer  rail- 
steel,  the  Joliet  lot  and  lot  A  were  made  with  direct  metal,  while  lot 
B  was  made  from  ciipola-melted  iron.  When  we  consider  that  lot 
B  was  made  at  a  works  famed  for  its  careful  and  accurate  work,  the 
Joliet  results,  as  far  as  they  go,  certainly  do  not  point  to  a  markedly 
greater  irregularity  in  the  percentage  of  carbon  in  direct  metal  than 
in  cupola  practice.  These  results,  however,  cover  too  short  a  [)eriod 
to  have  very  great  weight. 

High  vs.  Low  Carbon  Open- Hearth  Steel. — Finally,  c()mj)aring  the 
three  lots  of  oi)en-hearth  steel  together,  we  do  not  find  that  lot  C, 
with  0.64  percent,  carbon,  has  an  appreciably  greater  average  devi- 
ation than  the  other  lots  with  0.126  and  0.151  carbon.  While  these 
figuies  are  too  limited  to  warrant  the  inference  that  high-carbon  steel 
can  in  general  be  made  in  the  open  hearth  for  long  periods  of  time 
as  uniform  as  low-carbon  steel  with  the  exercise  of  equal  degrees  of 
care  and  skill,  yet  they  at  least  indicate  that  we  need  not  look  for 
much  greater  irregularity  in  the  former  than  in  the  latter. 

which  were  tapped  yonng  run  as  follows:  0.17,  0.17,  0.17,  0.22,  0.46,  0.20,  0.14,  the 
apparent  intention  having  been  to  produce  steel  of  0.09  carbon.  It  is  to  be  presumed 
that  furtlier  practice  will  diminish  or  perhaps  remove  the  irregularity  due  to  this 
*■  tapping  young."] 
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Name  of 
Works. 


Process. 


<i-< 

o  S, 

be 

tt 

c  V 

=  cj 

c* 

viat 
the 

*5 

•SB 

«i 

£ 

■c  g 

£<- 

<•-. 

sc 

a>d 

Ei 

*-o 

.*« 

>o 

1      '^ 

-«! 

t  Mil 

To" 

IMn 

{ 


Pitt.<;l>g  St'l 

Ca-st'g  Co  Bessenier., 
Bellaire....         '• 

Bethlehem 

Vuli^an 

IVulcan .... 

Clapp-Grif- 

fiths 

B 

Joliet . 
A 

Otis Open-heartli.  < 

Chester '        "       

C '        "       

Clapp-Gril- 

fitli?« 

Clapp-Grif- 

fithsi 


0 
0, 
0. 
0. 
0. 
0. 
0, 
0. 
0. 
0. 
0. 
0. 
^57. 
0. 
0. 
0. 

0. 

0 


.0911 

,0S1 

.091 

.427 

073 

.074 

.58 

,0S9 

0878 

335 

411 

354 

987 

126 

151 

64 

09 

103 


0.0189 
0.011 
0.006 
0.087 
0  027 
0.026 
0.23 
0.061 
0.0322 
I    0.045 
i    0.040 
0.074 
lbs*89731bs 
0.078 
0.069 
0.070 

0.050 

0.457 


0.0025 
0.0034 
0.0036 
0.038 
0.0053 
0.0062 
0.090 
0.0142 
0.0129 
0.0144 
0.0195 
0.0252 
*2416  1hs 
0.0142 
0.0174 
0.0165 

0.0108 

0.0233 


6.     45     

5     ,50     

^•2^^'^j}t0.0143 
}t0.037 


S    + 


6.9 
6.9 

,55 
,19 

2.1 

38 
37 

7.5   33 
9      35 


.162 

,20| 

,154 

I     I 
.163 


t0.007 
J0.016 


a.  Lot  from  another  Clapp-GrifBths  plant,  received  while  this  paper  is  in  print. 
Ten  abnormal  heat.s  are  excluded. 

6.  The  same  lot,  inclndinf!;  nine  of  the  ten  abnormal  heats;  the  tenth,  affected  by 
failure  of  the  bla.«t,  is  omitted  altogetlier. 

Impelled  by  an  inquiry  of  Dr.  R.  W.  Raymond's,  during  the  dis- 
cus.sion  of  this   paper,  as  to   tlie   uniformity  of  Bessemer  steel   in 


*  Pounds  tensile  strength  per  square  inch. 

t  Deviations  of  Mn  have  same  sign,  -(-  or  — ,  as  variations  of  V,  in  evpry  case, 
except  2,  which  are  C  +  0.05  Mn  —  0.07  and  C  —  0  01  Mn  +  0.33. 

X  Deviations  of  Mn  and  C  have  .same  sign  in  all  but  3  cases,  which  are : 

-r;    c 

—  .001         +  0.006 

—  .009        +  0.006 
+  •011         —0.004 

?  In  19  out  of  the  55  heats  composing  the  first  lot  of  Vulcan  steel  tlie  Mn  was 
determined  as  well  as  the  C.  Tliese  19  heats,  though  included  also  in  the  first  lot, 
are  given  here  as  a  second  lot,  to  show  how  much  more  irregular  the  Mn  is  than 
theC. 
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silicon,  I  have  collected  since  the  Bethlehem  meeting  the  following 
facts,  which  appear  germane  to  the  subject  of  the  paper: 

1.  In  the  series  of  fifteen  consecutive  heats  of  Bethlehem  soft 
Bessemer  steel,  the  third  item  in  the  above  table,  we  find  the 
following : 

Maximum  silicon, 0.021 

Minimum  silicon,       . 0  012 

Average  silicon 0.016 

Average  deviation  of  silicon  from  the  average,         .         .         .  0.0019 

Total  range  of  variation  of  silicon,    .         .         .         i         .         .  0.009 

Here  the  silicon  is  not  only  very  much  more  regular  than  the 
carbon,  but  the  total  range  of  variation  from  .012  to  .021  is  alto- 
gether insignificant. 

2.  The  chemist  of  a  Bessemer  works  (with  ordinary  vessels)  whose 
product  is  almost  exclusively  very  soft  steel,  informs  me  that  when 
their  carbon  is  at  or  below  0.10  the  silicon  very  rarely  reaches,  and 
never  passes,  0.015  per  cent. 

3.  I  have  obtained  from  Mr.  J.  W.  Cabot,  manager  of  the  Bell- 
aire  Nail  Works,  twenty-six  consecutive  determinations  of  silicon, 
which  comprise  all  the  determinations  of  that  element  made  during 
a  period  which  I  selected  at  random.  These  do  not  represent  con- 
secutive heats,  but  to  use  Mr.  Cabot's  words,  "the  heats  chosen  for 
analysis  were  chosen  entirely  at  random  from  our  ordinary  run  of 
soft  steel.  I  have  found  that  the  silicon  is  so  uniformly  low  that  I 
I  do  not  consider  it  necessary  to  follow  it  very  closely,  and  only 
have  occasional  determinations  made  for  check."  Analyzing  these 
figures  we  get  the  following  results : 


Maximum  silicon,  . 0.018 

Minimum  silicon,  .........  0.004 

Average  silicon, 0.007192 

Average  deviation  of  silicon  from  the  average,      .         .         .  0.00276 

Maximum  deviation  of  silicon  from  the  average,  .         .         .  0.0108 

Total  range  of  variation  of  silicon,         .....  0.014 


4.  I  have  obtained  from  the  Pittsburgh  Steel  Casting  Company 
fifty-one  consecutive  determinations  of  silicon  made  during  a  period 
which  I  selected  wholly  at  random,  together  with  correspond- 
ing carbons.     The  carbon  was  intentionally  varied  from  .09  to  .15 
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per  cent.,  according  to  the  proiUict  aimed  at.  Analyzing  these 
figures,  and  separating  the  results  into  six  groups,  in  each  of  which 
the  carbon  is  coustant,  I  get  the  following  results : 


c. 

No.  of  Cases. 

Si. 

Max. 

Jlin. 

Average. 

Range. 

.09 
.10 
.11 
.12 
.14 
.15 

17 
24 
6 
2 
1 
1 

0.023 
0.026 
0.020 
0.029 
0.015 
0.014 

0.008 
0.011 
0.013 
0.020 
0.015 
0.014 

0.016 
0.017 
0.016 
0.024 
0.015 
0.014 

0.015 
0.015 
0.007 
0.009 

Av'ge,  .10 

Total,  51 

.029 

.008 

0.0167 

0.021 

5.  I  have  orally  consulted  the  managers  of  three  other  Bessemer 
works  with  ordinary  vessels,  whose  chief  product  is  soft  steel.  From 
their  statements  I  learn  that  their  results  do  not  differ  materially 
from  those  I  have  cited. 

To  sum  up  these  five  cases,  the  highest  silicon  we  find  in  this  soft 
steel  is  0.029  per  cent.;  the  greatest  range  of  silicon  is  0.021  per 
cent.,  or  from  a  minimum  of  0.008  to  a  maximum  of  0.029.  The 
range  of  variation  in  the  other  cases,  0.009  and  0.014  for  Beth- 
lehem and  Bellaire,  is  astonishingly  small  ;  while  in  the  remaining 
works  the  silicon  never  passes  .015  when  the  carbon  is  at  or  below 
0.10. 

Now,  if  there  is  any  evidence  that  this  trifling  variation  in  the 
percentage  of  silicon  is  capable  of  affecting  this  soft  steel  to  an 
extent  of  the  lea.st  practical  importance,  I  have  yet  to  see  it.  If 
results  more  uniform  as  regards  silicon  than  those  of  Bethlehem  and 
Bellaire  can  be  uniformly  produced  in  the  open-hearth,  in  the  Clapp- 
Griffith  vessel,  or  by  any  other  means,  their  publication  would  be  of 
interest. 

As  tending  to  show  that  the  variation  of  silicon  through  this 
insignificant  range  of  0.021  per  cent,  is  incapable  of  producing 
sensible  effects,  I  here  offer  a  few  ca.ses  of  high  silicon  in  steel. 
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Si.  per  ct.  C.  per  ct. 

r  •»« 

Rails, -^    .84  .47 

(    .86  .52 

r    .469  .36 

Excellent  rails, 1     48  4S 

Good  rail,         ........     .76 

Eail,  too  soft, 90 

f    .44 
Crucible  steel, 1      90 

Wootz, 13 

Bessemer  tool  steel, .50 

Good  axles, 16 

(    .45 
Boiler  plate, ^     ^_ 

Boclium  springs,      .......     .60 

If  we  may  rely  on  the  evidence  above  offered,  the  Bessemer  pro- 
cess has  reached  practically  absolute  uniformity  as  regards  silicon, 
at  least  for  soft  steel. 

As  to  the  uniformity  of  silicon  in  the  harder  grades  of  Bessemer 
steel,  such  as  rail-steel,  I  have  no  important  evidence. 


Discussion. 

William  Kent:  Mr.  Howe  has  stated  the  conditions  in  the  ope- 
ration of  tiie  Bessemer  process  that  favor  uniformity  of  the  carbon  in 
successive  heats  ;  but  he  does  not  say  why  such  uniformity  is  not 
generally  attained  in  the  open-hearth  process.  In  the  Bessemer  pro- 
cess, the  decarbonization  is  carried  to  the  extreme  limit,  say  .005  j)er 
cent,  carbon,  and  after  the  recarbonizer,  containing  a  known  quantity 
of  carbon,  has  been  added,  there  is  no  further  decarbonization.  The 
carbon  in  the  finished  product  can  therefore  be  regulated  with  cer- 
tainty and  uniformity.  In  the  open-hearth  process,  the  decarboni- 
zation is  not  carried  so  far.  Before  adding  the  recarbonizer,  a  sample 
is  taken  from  the  bath,  and  its  carbon  is  estimated  either  by  the 
fracture-test,  or  by  a  rai)id  color-test,  both  of  these  tests  being  liable, 
under  the  circumstances,  to  slight  errors.  While  the  test  is  being 
made,  the  bath  undergoes  still  further  decarbonization  to  a  slight 
extent,  which  is  allowed  for,  as  nearly  as  it  can  be  estimated,  in  the 
addition  of  the  recarbonizer.  Uniformity  of  carbon  in  succes.sive 
heats  will  therefore  dei)end  uj)on — (1)  The  sample  taken  from  the 
bath  having  the  same  carbon  percentage  as  the  average  of  the  whole 
bath;  (2)  Accuracy  in  the  carbon-test  of  the  sample;   (3)  Accuracy 
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in  estimating  the  additional  decarbonization  of  the  bath  between  the 
time  of  takino:  the  sample  and  the  time  of  pouring. 

Another  reason  may  be  ijiven  why  a  series  of  heats  of  open-hearth 
steel  may  not  show  a  uniform  carbon- percentage,  namely,  that  such 
uniformity  is  frequently  not  aimed  at  or  specially  desired.  A 
furnace  running  on  boiler-plate  steel  for  a  variety  of  orders  from 
different  customers,  to  suit  their  various  ideas,  may  have  to  make 
one  heat  of  0.10,  another  of  0.12,  and  another  of  0.15  carbon.  If 
the  melter  is  told  to  make  a  lot  of  steel,  say  a  whole  week's  run, 
from  0.11  to  0.14  carbon,  steel  varying  all  the  way  from  0.10  to 
0.15  being  acceptable,  and  applicable  to  the  various  orders  on  the 
books,  it  is  not  likely  that  the  carbon  in  any  large  number  of  suc- 
cessive heats  will  be  precisely  the  same.  If,  however,  the  furnace 
is  running  on  a  large  order  for  one  customer,  who  insists  on  having 
a  steel  higher  than  0.12  carbon,  it  is  likely  that  a  higher  degree  of 
uniformity  in  successive  heats  will  be  reached. 

George  E.  Thackray,  Pittsburgh,  Pa. :  As  a  comment  upon  the 
notes  of  uniformity  of  open-hearth  steel,  I  produce  herewith  some 
figures  showing  what  can  be  done  in  tiiis  respect.  I  regret  that  I 
have  not  complete  memoranda  at  hand  at  present,  and  that,  in  con- 
sequence, the  figures  given  apply  to  but  99  heats.  These  heats  are 
not  selected,  but  have  been  taken  in  regular  order,  none  being 
omitted.     They  were  made  during  the  past  year. 

The  first  lot  comprises  73  consecutive  heats  of  steel  containing 
0.18  j>er  cent,  carbon,  and  was  made  on  an  order  for  structural  plates. 

The  second  lot  comprises  26  consecutive  heats  of  steel  for  boiler 
plates  containing  from  0.13  to  0.16  per  cent,  carbon,  to  suit  different 
requirements. 

The  average  deviation  of  carbon  is  found  by  taking  the  difference 
between  the  desired  and  obtained  carbon  contents  of  each  heat, 
taking  the  arithmetical  sum  of  such  differences,  and  dividing  this 
sum  by  the  number  of  heats.     The  results  were  as  follows: 

1.  The  average  deviation  of  carbon  of  73  consecutive  heats  of 
open-hearth  steel,  containing  0.18  per  cent,  carbon,  was  found  to  be 
.0068  per  cent. 

2.  The  average  deviation  of  carbon  of  26  consecutive  heats  of 
boiler-plate  steel  was  found  to  be  0.0')33  per  cent. 

As  deduced  from  Mr.  Howe's  figures,  the  avcray:e  deviation  of  all 
soft  steel  made  by  the  pneumatic  process  is  found  to  be  0.0058  per 
cent.;  so  that  the  greater  of  the  above  deviations,  .0068  per  cent., 
is  but  0.001  per  cent,  more  than  the  average  deviation  of  the  pneu- 
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raatic  process,  while  the  lesser  of  the  two,  0.0033  per  cent.,  is  but 
tliree-fifths  of  the  pneumatic  average  deviation. 

Although  the  best  oj)en-hearth  results  shown  by  Mr.  Howe  cannot 
be  accurate  by  reason  of  the  method  of  obtaining  them  (from  tensile 
strength),  still,  granting  that  they  are  correct,  the  results  given  above 
do  not  suffer  by  comparison  with  them  ;  the  greater  of  the  two  devia- 
tions, 0.0068  per  cent.,  being  but  two-fifths  of  that  shown  by  him 
(0.0142  per  cent.),  while  the  better  result,  0.0033  per  cent.,  obtained 
from  boiler-plate  practice,  is  less  than  one-fourth  as  large. 

Without  entering  into  the  details  of  the  subject,  these  figures  at 
least  give  evidence  that  open-hearth  practice  is  more  capable  of  pro- 
ducing desired  percentages  of  carbon  than  might  be  inferred  from 
Mr.  Howe's  figures. 

With  regard  to  Mr.  Kent's  suggestion  that,  in  making  open-hearth 
boiler-plate  steel,  the  carbon  may  be  only  approximately  aimed  at, 
the  ingots  being  selected,  after  casting,  to  fill  orders  of  different  re- 
quirements, I  would  say,  that,  as  open-hearth  plate  steel  is  made  to 
order,  and  in  consequence  the  ingots  are  made  of  such  weights  and 
shapes  as  to  give  the  least  amount  of  scrap  in  rolling  and  shearing, 
it  would  be  impossible  to  operate  a  works  successfully  if  the  ingots 
were  made  at  hap-hazard,  as  his  suggestion  would  indicate.  More- 
over, in  most  cases,  particularly  in  works  the  rolling  capacity  of 
which  is  greater  than  the  steel-producing  capacity,  the  result  would 
be  an  accumulation  of  useless  stock  in  the  ingot-yard,  and  confusion 
and  delay  in  the  filling  of  orders. 

H.  M.  Howe  :  Mr.  Kent's  explanation  of  the  greater  irregularity 
in  the  carburization  of  soft  open-hearth  steel  than  in  that  of  soft 
Bessemer  steel,  I  believe  to  be  correct :  indeed,  I  regarded  it  as  so 
obvious  a  corollary  to  my  explanation  of  the  uniformity  of  soft 
Bessemer  steel  as  to  make  its  statement  on  my  part  superfluous.  In 
other  words,  the  conditions  which  I  believe  are  the  chief  causes  of 
the  astonishing  and  almost  unavoidable  uniformity  of  soft  Bessemer 
steel  are  absent  in  the  case  of  soft  open-hearth  steel. 

He  attempts  to  explain  away  the  greater  uniformity  of  Bessemer 
than  of  open-hearth  steel  by  supposing  that  the  Bessemer  steel  makers 
aim  at  greater  uniformity  than  the  open-hearth  steel  makers  do;  so 
that  we  might  suppose  that,  if  the  open-hearth  men  were  only  a  little 
more  careful,  or  if  it  was  an  object  to  them,  they  could  obtain  as  great 
uniformity  as  the  Bessemer  men  do,  or  perhaps  greater.  While  this 
may  be  so,  the  figures  that  I  have  presented  strongly  oppose  this 
view.     The  Pittsburgh  Steel  Casting  Company,  whose  steel  is  more 
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uniform  than  any  of  the  other  lots,  sends  ont  steel  intended  for  very 
many  ditlerent  pnrposes.  On  the  other  hand,  the  lot  of  162  heats  of 
open-hearth  steel  from  the  Chester  RoUinii^-Mills  was  all  intended 
for  one  and  the  same  ])nrpose,  the  United  States  cruisers,  if  I  under- 
stand Mr.  Salom  correctly,  and  here  we  should  expect  the  utmost 
uniformity  attainable,  since  the  government  specifications  ai)pear  to 
have  confined  the  manufacturers  within  very  narrow  limits  of  varia- 
tion in  the  physical  properties  of  their  steel.  Yet  the  average  devia- 
tion of  this  open-hearth  steel  is  about  seven  times  as  great  as  that  of 
the  Pittsburgh  Steel  Casting  Company's  lot  of  Bessemer  steel.  But 
apart  from  these  two  cases,  I  think  Mr.  Kent  is  wrong  in  his  sup- 
position. I  think  that,  in  very  many  oi)en-hearth  works,  the  pur- 
pose to  which  the  steel  of  each  heat  is  to  be  put  is  determined  before 
it  is  cast,  and  the  utmost  attention  is  given  to  attaining  the  exact 
composition  desired.  The  reason  of  this  is,  that  it  is  necessary  to 
east  the  steel  into  ingots  whose  shape  and  size  shall  give  v'th  the 
least  possible  waste  the  plates  and  other  pieces  that  have  been  ordered. 
This  reason  applies  with  much  less  force  to  Besseuier  practice,  since 
in  Bessemer  works  the  size  and  shape  of  the  ingots  are  much  more 
uniform  in  general  than  it  is  in  open-hearth  works ;  and  the  reason 
of  this  in  turn  is,  that  the  open-hearth  works  put  a  very  much  larger 
proportion  of  their  product  into  boiler  and  other  plates  that  demand 
ingots  of  special  sizes  and  shapes  than  the  Bessemer  works  do. 

Replying  to  S.  T.  Williams:  It  is  hardly  necessary  to  state  that 
the  determinations  of  carbon  in  the  consecutive  heats  in  our  Bessemer 
works  are  not  made  by  combustion.  Undoubtedly  the  personal 
equation  of  the  chemist  affects  the  results  obtained  by  the  colorime- 
tric  method.  But  I  fail  to  see  that  either  of  these  considerations 
bears  in  the  slightest  degree  on  the  inferences  that  I  have  here 
presented. 

In  the  first  place,  it  is  not  the  absolute  percentage  of  carbon  to 
which  I  call  attention,  but  the  variations  in  the  percentage;  and  I 
know  nothing  to  suggest  that  these  variations  would  be  greater  with 
the  combustion  method  than  with  the  color  method,  or  vice  versa. 

In  the  second  place,  I  freely  admit  that,  owing  to  inaccurate  stand- 
ardizing, the  absolute  amount  of  carbon  may  often  be  inaccurately 
found  by  the  color  method.  But  we  are  not  here  seeking  absolute 
percentages,  but  merely  the  variations  in  the  absolute  percentage; 
and  though  it  may  sound  heretical,  I  believe  that  the  results  obtained 
with  one  and  the  same  standard  by  the  color  method  are  far  more 
comparable  among  them.selves  than  those  obtained  by  combustion, 
VOL.  XV. — 23 
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unless  the  combustion  is  intrusted  to  tlie  most  skilful  and  careful 
hands.  Hence  I  believe  that,  for  the  purposes  of  this  paper,  the 
color  method  yields  in  ordinary  hands  the  more  trustworthy  results 
of  the  two. 

In  the  third  place,  supposing  the  combustion  method  to  be  more 
trustworthy  than  the  color  method,  since  the  same  method  was  used 
both  in  tlie  open-hearth  and  Bessemer  steels,  both  would  be  affected 
alike,  and  there  would  be  nothing  to  indicate  or  suo;2:est  that  the 
color  method  should  exaggerate  the  uniformity  of  Bessemer  steel 
more  than  it  does  that  of  open-hearth  steel. 

In  order  to  weaken  my  inferences  by  invalidating  my  figures,  Mr. 
Williams  must  show  either  that  Bessemer  chemists  are,  as  a  class, 
more  mendacious  or  have  poorer  facilities  than  open-hearth  chemists; 
or  that  the  chemists  at  the  particular  Bessemer  works  that  I  have 
selected  are  less  trustworthy  than  those  at  the  particular  open-hearth 
works  in  question  ;  and  further,  that  their  untrustworthiness  lies  in 
a  direction  that  causes  them  to  report  their  steel  as  more  uniform 
than  it  actually  is. 

In  point  of  fact,  the  chemists  of  these  Bessemer  works  are  in 
several  instances  gentlemen  in  whose  accuracy  I  have  the  deepest 
confidence. 

Replying  to  Mr.  G.  E.  Thackray:  While  Mr.  Thackray's  in- 
teresting figures  certainly  show  with  what  extreme  accuracy  he  can 
control  the  open-hearth  process,  they  at  the  same  time  corroborate  my 
figures  and  my  inferences.  In  the  examples  that  I  have  presented, 
the  soft  Bessemer  lots  are  the  most  uniform,  the  open-hearth  next, 
and  the  Bessemer  rail  steel  the  least  uniform;  and  Mr.  Thackray's 
figures  of  open-hearth  practice,  like  mine,  are  less  uniform  than  the 
soft  Bessemer,  while  more  uniform  than  the  rail  Bessemer  steel ; 
though  his  open-hearth  steel  certainly  approaches  my  soft  Bessemer 
steel  in  uniformity  very  much  more  closely  than  my  open-hearth 
steel  does.  The  average  of  his  open-hearth  deviations  (0.0052)  is  41 
per  cent,  greater  than  the  average  of  my  soft  Bessemer  deviations 
(0.0037).  The  smaller  of  his  open-hearth  deviations  is  44  per  cent, 
greater  than  the  smallest  of  my  soft  Bessemer  deviations ;  the  larger 
of  his  is  28  per  cent,  larger  than  the  largest  of  my  soft  Bessemer 
deviations.  The  object  of  my  paper  is,  not  to  show  that  the  open- 
hearth  is  irregular,  but  that,  as  carried  out  in  the  most  skillful  hands, 
it  no  longer  excels  the  Bessemer  process  in  uniformity,  at  least  in 
making  soft  steels.  This  position  Mr.  Thackray's  figures  certainly 
strengthen. 
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RUSSELL'S  LM PROVED  PROCESS  FOR  THE  LTXIVTATION 
OF  SILVER-ORES  IX  ITS  PRACTICAL  APPLICATION. 

BY  C.    A.    STETEFELDT,    NEW  YORK   CITY. 
(St.  Louis  Meeting,  October,  1886.) 

This  treatise  is  the  sequel  of  a  paper  on  "Russell's  Improved 
Process  for  the  Lixiviation  of  Silver-ores,"  etc.,  read  at  tiie  Chicago 
nieetinir,  in  May,  1884,  and  published  in  the  Transactions,  vol.  xiii., 
page  47. 

The  facts  it  presents  are  principally  compiled  from  Mr.  Russell's 
notes  on  hi.s  practical  experience  gained  in  various  places  where  the 
Russell  proce.ss  has  been  introduced.  For  a  comj)lete  understanding 
of  this  ]>aper  a  perusal  of  my  former  one  is  desirable,  as  can  be  seen 
from  the  frequent  references  here  made  to  it. 

All  silver-ores  that  do  not  carry  a  large  percentage  of  lead  or 
copj">er  can  be  treated  by  Russell's  process  with  success  and  economy. 
I  do  not  mean  to  create  the  impression  that  from  ores  containing 
considerable  quantities  of  lead  and  copper  a  high  percentage  of  the 
silver  cannot  be  extracted  by  this  process.  Such  ores,  however,  will, 
iu  many  localities,  be  reduced  to  better  advantage  by  smelting.  In 
case  lead-bearing  .silver-ores  are  suitable  for  concentration,  it  may 
be  profital^le  to  concentrate  the  ore  by  Krom's  dry  system,  obtaining 
a  smelting-product  high  in  lead,  and  to  lixiviate  the  tailings  and  the 
dust.  This  plan  has  been  adopted  in  a  mill  re(;ently  erected  in 
Cortez  District,  Nevada. 

The  dry  system  of  concentration  deserves  the  preference  because 
it  delivers  the  tailings  and  the  dust  in  a  condition  ready  for 
chlorjdizing-roasting.  In  wet  concentration  the  drying  of  the  tail- 
ings would  be  expensive,  and  there  would  be  a  considerable  loss  of 
silver  in  slimes.  Oxidized  ores,  containing  silver  chloride  and  lead- 
minerals,  may  be  lixiviated  after  crushing,  and  the  tailings  may  be 
concentrated  for  lead.  In  this  case  wet  concentration  would  be  most 
suitable.  This  has  been  done  at  the  Old  Telegraph  Mine,  Utah. 
I  would  give,  however,  the  preference  to  dry  concentration  in  all 
cases  which,  of  course,  requires  that  concentration  should  precede 
lixiviation. 

The  Riis,sell  process  is  also  adapted  to  the  treatment  of  tailings 
resulting  from   ores   which    have   been  worked   either   by  the  old 
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lixiviation-process  or  by  amalgamation.  Whether  it  is  most  profit- 
able to  lixiviate  an  ore  raw,  or  after  chloridizing-roasting,  or  after 
oxidizing-roasting,  must  be  determined  in  each  case  by  actual 
experiment.  Should  an  ore  be  deficient  in  sulphurets,  it  may  be- 
come necessary  to  mix  it  with  pyritic  ores  in  order  to  obtain  high 
chlorinations  in  roasting.  Oxidized  ores  containing  manganese  may 
be  entirely  free  from  suli)hurets,  and  give  high  chlorinations  in 
roasting  without  the  admixture  of  pyritic  ores. 

The  operations  preceding  the  lixiviation-process,  namely  :  crush- 
ing, or  crushing  and  roasting  of  the  ore,  do  not  concern  us  here, 
since  they  are  almost  identically  the  same  as  those  preceding  the 
well-known  treatment  by  amalgamation.  It  is  necessary  to  say, 
however,  that  in  every  instance  the  crushing  should  be  done  dry, 
even  in  case  the  ore  is  lixiviated  raw.  The  size  or  number  of  the 
screen  through  which  the  crushed  ore  should  be  made  to  pass,  in 
order  to  lixiviate  with  most  economical  results,  can  only  be  deter- 
mined by  a  practical  test  in  each  individual  case,  since  it  depends 
upon  the  character  of  the  ore.  A  No.  10  wire-screen  may  generally 
be  considered  as  the  limit  of  coarseness.  In  most  cases  a  No.  16  or 
20  screen  will  be  used  to  best  advantage,  especially  if  the  ore  has  to 
be  roasted.  A  screen,  as  fine  as  No.  30,  will  rarely  be  needed. 
(These  commercial  designations  correspond  with  the  number  of 
meshes  per  linear  inch.) 

In  roasting  the  ore,  those  furnaces  should  be  used  in  which  the 
dust  collected  in  the  dust-chambers  is  well  chloridized.  The  Stete- 
feldt  furnace  is  known  to  give  the  most  perfect  results  in  that  respect. 
In  case  the  dust  remains  raw,  the  proportion  of  silver  extracted  is 
not  onlv  diminished  for  chemical  reasons,  but  the  mechanical  diffi- 
culties in  lixiviating  such  fine  material  are  also  increased  in  propor- 
tion to  the  imperfection  of  its  roasting. 

In  the  following  it  is  proposed  to  treat  in  detail  the  plant,  the 
chemicals  and  solutions,  and  the  manipulations  peculiar  to  the  Rus- 
sell process. 

I.  The  Plant. 

§  1 .  Description  of  the  Plant 

Although  the  Russell  process  plant  does  not  differ  materially  from 
that  used  in  the  old  lixiviation-process,  it  is  essential  to  describe 
what  has  been  approved  by  the  latest  practical  experience.  The 
plant  consists  of  lixiviation-vats,  tanks  for  the  storage  and  mauufac- 
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ture  of  solutions,  and  for  the  precipitation  of  metals,  pipes,  injectors 
and  pumps  for  conveying  solutions,  a  filter-press  for  collecting  precip- 
itates, and  a  refinery  for  the  treatment  of  the  sulphides. 

Lixiviation- Vats,  Storage- Tonka,  etc. — Dimensions  to  be  recom- 
mended for  lixiviation-vats  and  suitable  in  most  cases  are:  Inside 
diameter,  14  ft. ;  inside  height,  6  ft.  6  in.,  if  the  tailings  are  removed 
by  sluicing,  and  5  ft.  if  they  are  shoveled  out;  thickness  of  staves 
and  bottoms,  o  in.  The  sides  are  made  straight.  The  best  material 
is  California  white  cedar. 

The  staves  should  be  ordered  cut  to  sweep  of  vat,  and  9  in. 
longer  than  the  inside  height,  but  not  gained  for  the  bottom  ;  and 
the  latter  should  be  without  dowel-pins,  and  cut  to  a  diameter 
2  in.  greater  than  that  of  the  finished  vat.  The  gaining  of  the 
staves,  1  in,  deep,  is  done  by  hand,  leaving  a  chine  of  6  in. 
below  the  bottom.  The  bottom  pieces  are  grooved  and  joined  by  a 
tongue  f  in.  by  1|  in.  All  joints  of  staves  and  bottoms  must  be 
fitted  with  precision,  and  are  finally  put  together  with  a  thick  coat 
of  white  lead.  These  precautions  are  imperative  to  obtain  air-tight 
vats,  so  that  the  Korting  injectors  may  be  used  with  effect.  The 
hoops,  five  to  each  vat,  made  of  1  in.  round  iron,  with  threaded  ends 
passing  through  cast-iron  lugs,  are  tightened  by  hexagonal  nuts. 

In  constructing  the  storage-tanks  for  the  solutions,  the  precipi- 
tating-tanks,  and  the  sumps  for  the  filter-press  and  pump,  the  direc- 
tions given  above  should  also  be  followed.  The  exact  dimensions 
of  these  tanks  are  not  of  much  importance,  but  the  following  recom- 
mendations are  made:  Storage  and  precipitating-tanks  10  ft.  diam- 
eter and  8  ft.  6  in.  inside  height;  tank  for  extra-solution,  about  500 
cub.  ft.  capacity,  sumps  for  filter-press  and  pump  250  cub.  ft. 
capacity  each.    The  filter-press  sump  should  not  be  deeper  than  4  ft. 

Tanls  far  Sodium  Sulphide  and  Soda- Ash. — The  tanks  for  the 
manufacture  and  the  storage  of  the  sodium  sulphide  solution  are 
made  of  A  in.  boiler-iron.  The  manufacturing-tank  may  be  6  ft. 
high  by  3  ft.  6  in.  diameter.  The  dimensions  of  the  storage-tanks 
are  not  essential ;  they  should  have  a  capacity  of  about  90  to  100 
cub.  ft.     The  same  applies  to  the  soda- ash  tanks. 

Filter-presH  and  Pumps. — For  filter-press  I  recommend  Johnson's, 
of  15-in.  diameter,  with  twenty-four  chambers,  six  2-in.  distance- 
rings,  and  one  dummy-plate.  The  chambers  are  of  cast-iron,  and 
covered  with  asphaltum  varnish.  The  force-pump  attached  to  the 
filter-press  should  be  of  iron,  lined  with  hard  lead.  The  brass  pump 
ordinarily  sold  with  a  15-iu.  press  is  too  light  and  small,  and  the 
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brass  wears  out  in  contact  with  the  solution.  The  pump  for  raising 
the  solution  from  the  sump  to  the  storage-tanks  is  a  plunger-pump, 
made  of  iron  and  lined  with  hard  lead.  Its  capacity  should  be 
larger  than  the  maximum  quantity  of  solution  circulated,  so  that  the 
pump  may  not  need  to  run  continuously,  and  time  may  be  left  for 
repairs. 

Pipes,  Valves  and  Troughs. — Hard  rubber  is  the  best,  and  in  the 
end  the  cheapest  material  for  all  pipes,  valves  and  cocks  that  convey 
or  come  in  contact  with  lixiviation-solutions.  Lead  is  the  next  best 
material.  Iron  or  brass  valves  become  useless  very  soon.  Iron 
pipes  may  be  protected  by  dipping  fliem  hot  into  asphaltum  varnish. 
For  sodium  sulphide  and  soda-ash  solutions  iron  pipes  are  properly 
used.  Troughs  for  conveying  and  distributing  solutions  are  made 
of  wood,  and  painted  inside  and  outside  with  asphaltum  varnish. 

The  Korting  Injector. — The  modification  of  the  Korting  injector, 
which  acts  in  this  case  as  an  ejector,  and  is  attached  to  the  vats  to 
hasten  the  filtering  in  lixiviation,  is  known  as  "  the  acid  siphon 
pump."  It  is  lead-lined,  and  provided  with  a  platinum  steam- 
nozzle.     Size  No.  1  is  to  be  used. 

Fittlng-up  of  the  Lixiviation- Plant. — Each  of  the  storage-tanks  and 
the  extra-solution  tank  are  provided,  for  heating  the  lixiviation- 
solutions,  with  a  coil  of  1  in.  lead  pipe,  about  70  ft.  long,  placed  3  or 
4  in.  above  the  bottom,  and  connected  with  a  steam-pipe.  The 
storage-tanks  are  connected  with  each  other  and  with  a  3-in.  pipe 
running  over  the  lixiviation-vats.  Valves  are  so  arranged  that  each 
tank  can  be  used  separately. 

The  discharge-pipe  of  the  lixiviation-vats,  1|  in.  in  diameter, 
and  made  of  lead  or  hard  rubber,  is  inserted  in  the  centre  of  the 
bottom.  It  is  secured  by  a  threaded  cast-iron  flange,  bolted  to  the 
outside.  The  bolts  holding  the  flange  pass  through  the  bottom,  the 
heads  being  countersunk  in  the  wood  and  bedded  in  white  lead. 
This  pipe,  slightly  inclined,  is  connected  with  a  Korting  injector 
which  discharges  into  the  double  distributing-trough.  (One  partition 
is  for  solution,  the  other  for  wash- water),  standing  above  the  prccipi- 
tating-tanks.  A  short  piece  of  rubber  hose  is  attached  to  the  end  of 
the  discharge-pipe  so  that  the  liquor  can  easily  be  turned  from  one 
partition  of  the  distributing-trough  to  the  other.  Near  the  discharge- 
end  of  the  pipe  is  a  valve.  Between  it  and  the  Korting  injector  a 
T-joint  receives  the  pipe  for  circulating  the  extra-solution,  whereby 
the  latter  is  returned  to  the  vat  if  the  valve  is  closed,  and  the  injector 
is  in  operation.   The  false  bottoms  for  the  filter,  and  the  latter  itself, 
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are  prepared  as  follows:  Wooden  slats,  1|  in.  high  and  1  in.  wide, 
and  separated  1  in.  from  each  otlier,  are  fasttjned  to  the  bottom  of 
the  vat  by  iron  screws,  bedded  in  thick  white  lead.  The  side  of  the 
slats  next  to  the  bottom  is  cut  out  in  several  places,  |  in.  deep  and 
3  in.  wide,  so  that  a  passage  for  the  solution  is  established  every- 
where. Between  the  ends  of  the  slats  and  the  staves  of  the  vat  a 
clear  space,  1|  in.  wide,  is  left  all  round.  A  strip  of  wood,  1^  in. 
high  and  1  in.  wide,  previously  cut  by  a  saw  in  many  places,  and 
well  soaked  in  water,  so  that  it  will  bend  easily,  is  now  fastened 
round  the  slats,  leaving  an  annular  space,  ^  in.  wide,  between  the  strip 
and  the  staves.  One  thickness  of  stiff  matting,  covering  the  slats  and 
the  circular  strip,  but  not  the  annular  space,  forms  a  foundation  for  the 
filter-cloth  proper.  The  latter,  No.  10  canvas-duck,  is  cut  to  a  diam- 
eter 6  in.  greater  than  the  inside  of  the  vat,  so  that  the  ends  can  be 
pressed  into  the  annular  space  described  above,  and  kept  in  position 
by  forcing  down  a  J-in.  rope.  The  sluice-gate,  the  construction  of 
which  is  shown  in  the  accompanying  drawing,  is  fastened  to  the  vat 
by  iron  bolts  bedded  in  white  lead.  Its  bottom  should  be  ^  in.  below 
the  surface  of  the  filter.  The  gate  proper  is  covered  with  a  sheet 
of  rubber  which  protects  the  iron,  and  at  the  same  time  forms  a 
gasket.  The  cast-iron  frame  is  protected  by  asphaltum  varnish. 
The  sodium  sulphide  manufacturing  tank  is  provided  with  a  steam- 
pipe  reaching  close  to  the  bottom. 

The  precipitating- tanks  have  two  outlets.  A  short  piece  of  3-in. 
pipe  with  valve,  passing  through  the  staves  close  to  the  bottom,  dis- 
charges the  sulphides  into  a  trough  leading  to  the  filter-press  sump. 
The  clear  solution  is  drawn  by  a  swinging  pipe,  2^  iu.  in  diameter, 
standing  inside  of  the  tank.  This  pipe  has  a  joint,  formed  by  two 
elbows  and  a  nipple.  One  of  the  elbows  is  attached  to  a  short  piece 
of  pipe  passing  through  the  staves  4  in.  above  the  bottom  of  the 
tank.  It  discharges  into  a  trough  leading  to  the  solution-sump. 
The  filter-press  sump  is  provided  with  a  false  bottom  sloping  to  the 
outlet  which  communicates  with  the  filter-press  pump.  All  vats  and 
tanks  should  be  painted  on  the  outside  with  white  lead  or  asphaltum 
varnish. 

The  number  of  lixiviation-vats,  of  dimensions  given  above, 
necessary  for  works  of  stated  capacity,  will  vary  with  the  time  of 
leaching,  or  the  number  of  tons  of  ore  iu  rotation,  and  with  the 
weight  of  the  ore  per  cubic  foot;  and  can  easily  be  determined  for 
any  mill  after  some  preliminary  tests  have  been  made  with  the  ore 
to  be  treated.     A  mill  of  50  to  100  tons  daily  capacity  will  always 
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require  2  storasxe-tanks,  1  extra-solution  tank,  2  sumps,  1  tank  for 
man u tact urinoc  sodium  sulphide,  2  tanks  for  storinoj  the  solution  of 
the  latter,  1  tank  for  purifying  soda-ash  (provided  pure  soda  cannot 
be  obtained),  2  storage-tanks  for  soda-solution,  1  filter-press,  1 
solution-pump,  and  the  necessary  number  of  Korting  injectors. 
There  should  be  from  2  to  3  tanks  for  precipitating  lead,  and  from 
2  to  4  tanks  for  precipitating  the  sulphides.  Properly  constructed 
tanks  should  also  be  provided  for  extracting  copper  and  silver  from 
the  first  wash-water. 

It  is  hardly  necessary  to  mention  that  in  special  cases  a  portion  of 
this  plant  may  not  be  required. 

Plant  for  the  Treatment  of  Sulphides. — It  is  not  ray  intention  to 
go  into  a  description  of  the  plant  required  for  the  treatment  of  sul- 
phides, for  two  reasons  :  First,  because  the  lixiviation-process  j>roper 
ends  with  the  production  of  the  sulphides  as  they  leave  the  filter- 
press;  second,  because  neither  the  treatment  I  have  proposed 
{Trans.,  xiii.,  104)  has  so  far  been  practically  applied,  nor  has  this 
been  done  with  any  other  new  method.  A  plant  for  this  purpose 
should  always  be  adapted  to  local  circumstances,  and  its  designing 
mast  be  left  to  the  discretion  of  an  experienced  metallurgist. 

§  2.  Arrangement  of  the  Lixiviation- Plant. 

Tiie  lixiviation-plant,  and  in  fact  the  whole  mill,  should  be  planned 
and  arranged  by  an  experienced  metallurgist,  not  by  a  mill-wright 
or  a  foundry  draughtsman,  who  turn  out  mills  after  a  fashion  of 
their  own,  and  without  the  least  knowledge  of  any  essential  require- 
ments. In  the  following  I  merely  wish  to  draw  attention  to  some 
important  points  that  should  not  be  neglected.  For  charging  the 
ore  a  slightly  inclined  car-track  should  be  constructed,  passing  over 
the  lixiviation-vats,  and  connected  with  a  track  leading  to  the 
cooling-floor  or  to  the  bins  for  raw  ore.  All  other  arrangements 
with  conveyors,  elevators,  and  ore-hoppers  above  the  vats,  as  they 
exist  in  some  mills,  I  condemn  most  severely.  The  lixiviation- 
vats  should  not  be  placed  on  a  solid  floor,  but  should  rest  upon  joists, 
so  that  the  bottoms  may  be  exposed  and  accessible  in  case  of  leakage. 
Between  the  joists  and  the  solid  floor  below,  sufficient  working-room 
must  be  left.  The  same  applies  to  the  setting-up  of  all  other  wooden 
tanks  for  the  storage  or  accumulation  of  solution.  The  top  of  the 
precii)itating-tanks  should  be  about  three  feet  below  the  bottom  of 
the  lixiviation-vats.     If  lead  is  to  be  precipitated  separately,  and 
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the  grade  of  the  mill-site  does  not  permit  the  placing  of  the  silver 
precipitating-tanks  below  those  for  lead,  all  the  precipitating-tanks 
are  arranged  on  the  same  level,  and  the  solution,  after  precipitation 
of  the  lead,  is  transferred  to  the  silver  precipitating-tanks  by  Korting 
injectors.  The  filter-press  and  solution-pump  stand  above  their  re- 
spective sumps.  But  the  pump  feeding  the  filter-press  is  placed  on  a 
level  with  the  bottom  of  the  sump  from  which  the  sulphides  are 
drawn,  because,  on  account  of  the  weight  and  thickness  of  the  sul- 
phide slimes,  this  pump  has  not  much  suction-power.  The  refinery 
for  sulphides  is  best  located  in  a  building  by  itself,  separated  from 
the  mill.  Finally,  I  wish  to  say  that  abundance  of  room  about 
the  apparatus  and  well-lighted  and  ventilated  buildings  are  most 
desirable  features. 


II.  The  Chemicals  and  the  Solutions. 
§  3.  The  Chemicals. 

The  chemicals  used  are  sodium  hyposulphite,  or  the  commercial 
hyposulphite  of  soda,  copper  sulphate  or  blue-stone,  caustic  soda, 
sulphur,  sulphuric  acid,  and  sodium  carbonate  or  soda-ash. 

Sodium  hyposulphite  is  packed  in  barrels,  and  does  not  decompose 
in  contact  with  the  atmosphere.  If  imported  in  large  lots  from  Eu- 
rope, it  costs  in  New  York  1.8  cents  per  pound.  If  bought  from 
dealers,  the  price  asked  is  2J  cents  per  pound  in  New  York,  2.5  cents 
in  St.  Louis,  and  3  cents  in  San  Francisco. 

Caustic  soda. — Only  a  high  grade  article  should  be  ordered,  of  70 
to  76  per  cent.  It  is  principally  imported  from  England,  put  up  in 
sheet-iron  drums,  holding  630  to  700  pounds.  It  should  not  be  left 
exposed  to  the  air,  after  a  drum  has  been  opened,  as  it  absorbs  car- 
bonic acid.  The  price  in  New  York  is  2.425  cents  per  pound  for  60 
per  cent.  Hence  a  74  per  cent,  caustic  soda  would  cost  3  cents  per 
pound. 

Soda- works  have  recently  been  established  on  the  U.  P.  R.  R.  at 
Laramie. 

Sodium  carbonate. — It  is  most  economical  to  buy  the  ''  pure  alkali" 
of  58  per  cent.,  made  by  the  Solvay  or  ammonia  ]>rocess.  It  is  man- 
ufactured in  this  country  at  Syracuse,  N.  Y.,  and  costs  1.4  cents  per 
pound.  This  alkali,  in  the  form  of  a  white  powder,  is  so  pure  that 
it  contains  98.7  per  cent,  of  sodium  carbonate,  the  remainder  being 
principally  sodium  chloride  and  sulphate,  and  0.25  per  cent,  moist- 
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lire.  On  account  of  the  entire  absence  of  sodium  sulphide  and  caustic 
soda  (which  are  always  found  in  the  ordinary  s(Hla-ash),  the  solution 
for  the  precipitation  of  leail  does  not  require  purification. 

Copper  suljfhafe. — Price  jier  pound  4^  cents  in  New  York  ;  4  cents 
in  Omaha;  4.5  cents  in  St.  Louis  and  San  Francisco. 

Sulphur. — It  is  immaterial  whether  the  sulphur  is  crude  or  refined, 
or  flowers  of  sulphur.  Lump  sulphur  should  he  pulverized  so  as  to 
pass  a  Xo.  10  screen  before  using  it  in  the  preparation  of  sodium 
sulphide.  It  is  more  convenient  to  buy  the  sulphur  already  pul- 
verized. Price  in  Xew  York  of  refined  sulphur  in  rolls  2|  cents  per 
pound  ;  flour  2|  cents;  Virginia  rock  2|  cents. 

Su/phuric  acid  of  66°  B.  is  best  transported  in  sheet-iron  tanks 
■which  hold  about  1700  pounds.  If  shipped  in  this  way,  the  freight 
is  much  le.ss  than  in  glass  carboys.  The  cost  of  a  sheet-iron  tank  is 
§6.50.  Price  in  Xew  York  per  pound  1.25  cents;  in  St.  Louis  and 
San  Francisco  1.75  cents.  Shipped  in  car-loads  the  freight,  for 
instance,  from  San  Francisco  to  Xew  Mexico,  is  only  1.67  cents 
per  pound. 

§  4.  Tlie  Solutions. 

The  Ordinary  or  Slock- Solution. — This  is  made  by  dissolving  a 
proper  quantity  of  sodium  hyposulphite  in  a  measured  quantity  of 
water  in  the  storage-tanks.  To  hasten  the  solution,  steam  may  be 
passed  through  the  lead-j)ipe  coil.  As  the  weight  of  a  cubic  foot  of 
water  is  62|  pounds,  this  number  of  pounds  of  sodium  hyposulphite, 
added  to  each  100  cub.  ft.  of  water,  will  produce  a  solution  of  one 
per  cent,  concentration,  and  so  on.  Practical  experience  has  demon- 
strated that  it  is  not  economical  to  work  with  a  solution  of  higher 
concentration  than  2  per  cent.,  even  if  high-grade  ores  are  treated. 
In  that  case  increased  volume  of  the  solution  is  made  to  do  the  work. 
With  low-grade  ores  a  solution  of  1  per  cent.,  and  even  less  concen- 
tration may  be  most  profitable.  In  starting  up  new  works,  it  is 
best  to  begin  with  a  2  per  cent,  solution,  and  then  diminish  its  con- 
centration according  to  circumstances.  The  strength  of  the  solu- 
tion, after  continued  use,  changes,  and  in  most  cases  it  becomes 
weaker.     The  weakening  is  caused  : 

1st.  By  admixture  of  some  wash-water  which  may  precede  and 
always  follows  the  solution. 

2d.  By  condensation  of  steam  from  the  Korting  injectors. 

3d,  By  decomposition  of  hyposulphite  through  atmospheric  influ- 
ences {Ibid.,  p.  102). 
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4th.  By  decomposition  of  sodium  hyposulphite  with  copper 
sulphate  in  making  the  extra-solution.  For  each  pound  of  cop- 
per sulphate  thus  consumed  one  pound  of  sodium  hyposulphite  is 
destroyed  {Ibid.,  p.  58). 

On  the  other  hand  the  solution  gains  in  strength  by  evaporation, 
but  principally  in  precipitating  the  sulphides  of  silver,  copper  and 
lead  (provided  the  lead  has  not  been  previously  eliminated  by  sodium 
carbonate),  with  sodium  sulphide  which  always  contains  a  large 
amount  of  hyposulphite  [Ibid.,  p.  95).  .The  more  silver,  lead,  and 
especially  copper  precipitated,  the  larger  will  be  the  quantity  of 
hyposulphite  added  to  the  solution,  so  that  cases  may  exist  where 
all  the  loss  in  hyposulphite  is  not  only  compensated,  but  the  solution 
may  even  increase  in  strength. 

After  the  most  advantageous  concentration  of  the  solution  has  been 
determined  by  experience,  it  should  be  maintained  by  constant  addi- 
tion of  sodium  hyposulphite.  This  is  best  done  in  making  the 
extra-solution,  as  will  be  shown  later  on.  The  concentration  of  a 
solution  in  hyposulphite,  after  it  has  been  in  use,  cannot  be  estimated 
even  approximately,  by  its  specific  gravity,  for  reasons  that  will  soon 
become  apparent.  Hence  a  chemical  test  is  the  only  one  upon  which 
reliance  can  be  placed.  One  method  is  to  ascertain  how  much  silver 
chloride  will  be  dissolved  by  a  certain  number  of  cubic  centimeters 
of  the  solution,  and  to  compare  the  result  with  a  scale  that  has  been 
prepared  for  this  purpose.  Preference,  however,  should  be  given  to 
the  volumetric  assay,  which  is  based  upon  the  fact  that  a  solution 
of  iodine  in  potassium  iodide,  in  contact  with  sodium  hyposulphite 
changes  the  latter  to  sodium  tetrathionate,  while  the  iodine  combines 
with  sodium  to  sodium  iodide  {Ibid.,  p.  58).  The  end  of  the  reaction 
is  indicated  by  the  blue  color  of  starch  which  has  been  added  to  the 
hyposulphite  solution.  The  details  of  this  method  can  be  found  in 
any  book  on  analytical  chemistry.  The  original  stock-solution  is 
subjected  to  other  changes,  outside  of  those  mentioned  above,  in 
consequence  of  a  gradual  accumulation  of  sodium  chloride,  sulphate 
and  tetrathionate.  It  can  easily  be  seen  whence  these  salts  are 
derived.  Sodium  chloride  and  tetrathionate  do  absolutely  no  harm. 
Sodium  sulphate  diminishes  the  solvent  energy  of  the  solution  only 
slightly  {Ibid.,  p.  54).  Calcium  salts  are  introduced  if  gypsum  is 
present  in  raw  ore,  or  if  caustic  lime  or  calcium  sulphate  exist  in 
roasted  ore.  In  case  the  lead  is  precipitated  by  soda,  the  calcium  is 
also  precipitated,  and  no  calcium  salts  can  exist  in  the  solution. 

The  concentration  of  the  solution  in  these  salts,  however,  does 
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not  go  on  inJofinitely,  but  reaches  a  maxiniuni  and  tlicn  remains 
stationary.  It  ean  easily  be  seen  tliat  this  effect  is  produced  by  the 
wash-water,  wliieli  either  precedes  and  follows,  or  merely  follows 
the  lixiviation->olutit)n.  In  this  ojieration  both  a  loss  and  a  dilu- 
tion of  the  lixiviation-solution  takes  place. 

There  is,  however,  another  change  in  the  condition  of  the  stock- 
solution  that  is  of  great  inijwrtanee,  namely  its  assuming  a  caustic 
reaction.  How  seriously  this  condition  of  the  solution  affects  the 
final  result  of  lixiviation  has  been  shown  in  my  former  paper  [Ibi<J.., 
p.  54).  Silver-ores  only  that  carry  a  comparatively  large  percentage 
of  antimonial  and  arsenical  compounds  may  be  benefited  by  treat- 
ment with  a  caustic  solution.  Whenever  the  stock-solution  shows 
the  presence  of  caustics,  it  must  be  neutralized  with  sulphuric  acid. 
The  latter,  ^[r.  Russell  states,  is  not  diluted,  but  added  in  concen- 
trated form,  while  stirring  the  solution.  The  consumption  of  sul- 
jihuric  acid  per  ton  of  ore  may  be  from  ^  to  |  pounds.  It  seems  to 
me  most  convenient  to  add  the  sulphuric  acid  to  a  caustic  stock- 
solution  in  the  silver  precipitating-tanks,  immediately  after  the 
precipitation  of  the  sulphides  has  been  finished.  The  reaction  of  the 
solution  on  litmus  paper  should  be  closely  observed  so  that  not  more 
acid  is  consumed  than  is  absolutely  necessary.  Copper  sulphate  also 
neutralizes  the  caustic;  hence  an  extra-solution  will  never  assume  a 
caustic  reaction,  anrl  can  be  made  from  a  caustic  ordinary  solution. 
In  fact,  ordinary  solution  having  an  acid  reaction  should  not  be  used 
in  the  preparation  of  extra-solution,  because  the  latter  is  then  more 
liable  to  decompose.  On  account  of  the  greater  cost  of  copper 
sulphate  preference  should  be  given  to  the  use  of  sulphuric  acid  for 
neutralizing  a  caustic  stock-solution. 

It  is  evident  that  the  amount  of  stock-solution  kept  on  hand  and 
in  circulation,  should  be  reduced  to  a  minimum.  The  quantity  of 
stock-solution  required  for  works  of  given  daily  capacity  depends 
upon  the  time  of  leaching  with  extra- and  ordinary  solution,  and 
upon  the  volume  of  solution  necessary  to  saturate  a  ton  of  ore.  This 
will  be  made  clear  by  an  example.  Suppose  the  daily  capacity  is  80 
tons ;  one  ton  of  ore  needs  9  cub.  ft.  of  solution  for  saturation ;  the 
time  of  leaching  with  extra-solution  is  six  hours,  and  with  ordinary 
solution  twenty-four  hours.  In  that  case,  100  tons  of  ore  are  con- 
stantly under  treatment,  and  they  require  900  cub.  ft.  of  solution  for 
saturation.  Besides,  a  certain  quantity  of  solution  stands  above  the 
charge  in  the  vats,  say  150  cub.  ft.;  one  precipitating-tank  is  full 
and  settling,  and  a  second  one  is  half-filled,  say  750  cub.  ft.  for  both ; 
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then  there  is  a  certain  accumulation  of  solution  in  the  sumps  for  the 
pump  and  filter -press,  say  250  cub.  ft.  ;  finally  we  must  leave  suffi- 
cient solution  in  the  storag-e- tanks  to  make  a  charo;e  of  extra- 
solution  of  about  300  cub.  ft.,  and  in  addition  to  that  we  should  have 
not  less  than  300  cub.  ft.  more  solution  to  supply  the  lixiviation- 
vats.  This  would  give  a  total  of  2400  cub.  ft.  That  works  of  large 
capacity  require  comparatively  less  stock-solution  than  those  of 
smaller  capacity  can  easily  be  seen. 

•  In  most  cases  the  best  results  are  obtained  in  lixiviating  with  an 
ordinary  solution  heated  from  90°  to  125°  F. 

The  Extra- Solution. — This  is  not  kept  in  stock,  but  is  made  in 
charges  as  needed,  and  is  then  immediately  used.  It  deconi poses 
much  more  quickly  than  ordinary  solution,  and  is  converted  into  the 
latter  before  leaving  the  precipitating  tanks.  As  a  rule  the  quantity 
of  extra-solution  made  and  used  is  just  sufficient  to  saturate  the  ore. 
The  only  exception  to  this  rule  occurs  in  the  lixiviation  of  roasted 
ores  containing  caustic  lime,  as  will  be  shown  later  on. 

The  extra-solution  for  raw  ore  is  made  as  follows:  The  necessary 
amount  of  copper  sulphate,  put  into  a  box  with  holes,  placed  above 
the  extra-solution  tank,  is  dissolved  by  ordinaiy  solution  turned  on 
from  the  storage-tank.  Before  this  is  done,  however,  the  tank  below 
is  filled  with  about  two-thirds  of  the  required  amount  of  ordinary 
solution.  In  this  way  the  strong  copper  solution  meets  at  once  a 
sufficient  amount  of  sodium  hyposulphite  to  prevent  the  precipitation 
of  a  canary  yellow  salt  of  cuprous  hyposulphite  {Ibid.,  p.  60).  As 
already  stated  above  it  is  not  judicious  to  use  an  acid  stock-solution 
in  preparing  the  extra-solution,  because  cuprous  hyposulphite  decom- 
poses more  quickly  upon  heating  in  the  presence  of  an  acid  than  if 
the  solution  is  neutral.  If  the  extra-solution  is  to  be  used  warm, 
the  ordinary  solution  is  previously  heated  in  the  storage-tank,  or  in 
the  extra-tank  itself.  In  case  the  stock-solution  needs  strengthening 
a  proper  amount  of  sodium  hyposulphite  is  put  into  the  box  over 
the  extra-solution  tank,  and  dissolved  prior  to  the  copper  sulphate. 
The  introduction  of  fresh  hyposulphite  is  most  judicious  at  this  stage 
of  the  process  by  reason  of  the  decomposition  of  sodium  hyposulphite 
with  copper  sulphate  mentioned  on  page  364  of  this  paper  as  the 
fourth  cause  of  weakening  the  stock-solution.  It  is  evident  that  the 
extra-solution,  by  passing  the  yrecipitating-tank,  must  produce  an 
ordinary  solution  of  less  concentration  than  the  stock-solution 
possessed,  from  which  it  was  made,  unless  a  fresh  supply  of  hypo- 
sulphite has  been  added.     Of  course,  a  part  of  the  hyposulphite  lost 
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in  the  manufacture  of  the  extra-solution  is  replaced  by  the  hypo- 
sulpiiite  entering:  with  the  soiliuni  sulphide  in  precipitating  the 
eop[>er  and  silver. 

The  consumption  of  copper  sulphate  for  the  extra-solution  is  gen- 
erally calculated  per  ton  of  ore,  and  varies  between  2|  and  7  pounds. 
As  it  takes  from  7  to  10  cub.  ft.  of  solution  to  saturate  one  ton  of 
ore,  and  not  more  than  this  quantity  of  extra-solution  is  generally 
needetl,  its  concentration  in  copper  sulphate  may  vary  between  j\ 
and  1  ,'j5  per  cent.  Only  if  caustic  lime  is  present  in  roasted  ore, 
weaker,  but  large  volumes  of  extra-solution  of  ^%  to  y'^  per  cent, 
concentration  are  used.  Since  the  effect  of  the  extra-solution  depends, 
in  a  certain  measure,  more  upon  its  concentration  than  its  quantity, 
it  is  apparent  that  the  consumption  of  copper  sulphate  per  ton  of  ore 
is  affected  by  the  specific  gravity  of  the  ore,  or  by  the  quantity  of 
solution  necessary  to  saturate  one  ton  of  ore.  Hence  roasted  ores, 
on  an  average,  require  more  copper  sulphate  than  raw  ores,  although 
in  the  latter  case  the  extra-solution  may  have  to  perform  more  work 
than  in  the  former. 

After  the  most  advantageous  quantity  of  copper  sulphate  required 
per  ton  of  ore  has  been  determined  by  experience,  another  point 
should  not  be  neglected  in  the  preparation  of  the  extra-solution.  It 
has  been  demonstrated  {Trans,,  xiii.,  61)  that  those  extra-solutions 
are  the  most  effective  in  which  the  relation  between  the  quantity  of 
copper  sulphate  and  sodium  hyposulphite  is  as  one  to  a  fraction 
above  two  ;  we  svill  say,  for  the  sake  of  safety,  as  1  to  2\.  An  ex- 
cess of  copper  causes  the  formation  of  an  insoluble  cuprous  hypo- 
sulphite salt,  which  will  only  dissolve  upon  addition  of  more  sodium 
hN-posulphite.  An  excess  of  sodium  hyposulphite  in  the  extra- 
solution,  while  it  diminishes  its  efficiency  upon  metallic  silver,  silver 
sulphide,  and  certain  silver  minerals,  does  not  act  as  injuriously  as 
an  excess  of  copper.  Especially,  if  the  extra-solution  is  used  on  raw 
ores,  prior  to  the  ordinary  solution,  and  these  ores  carry  a  fair  per- 
centage of  the  silver  in  the  form  of  chloride,  an  excess  of  sodium 
hyposulphite  is  beneficial  for  the  more  rapid  extraction  of  the  silver 
chloride.  From  this  it  follows  that  in  making  the  extra -solution 
the  strength  of  the  stock-solution  should  be  approximately  known, 
and  that  if  it  is  deficient  in  sodium  hyposulphite  a  proper  amount  of 
the  latter  should  be  added.  I  will  illustrate  this  by  an  example. 
We  will  stippose  that  ore  is  treated  which  requires  8  cub.  ft.  of 
solution  to  saturate  one  ton  ;  that  the  normal  concentration  of  the 
stock-solution  is  1^-  per  cent,  in  hyposulphite;  that  5  pounds  of 
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copper  sulphate  are  needed  per  ton  of  ore.  The  8  cub.  ft.  of  stock- 
sohition  would  represent  only  7^  pounds  of  hyposulphite,  hence  not 
less  than  3f  pounds  of  sodium  hyposulphite  should  be  added  for  each 
5  pounds  of  copper  sulphate  in  8  cub.  ft.  of  solution,  in  order  to 
produce  a  normal  extra-solution.  Of  the  ll^  pounds  of  sodium 
hyposulphite  now  contained  in  8  cub.  ft.  of  solution,  5  pounds  will 
be  destroyed  by  the  copper  sulphate,  leaving  Q^  pounds  intact. 
After  precipitating  the  extra-solution  an  ordinary  solution  of  1 J  per 
cent,  concentration  would  result.  As  there  is,  however,  a  consider- 
able gain  in  hyposulphite  from  the  sodium  sulphide,  the  solution 
will  be  much  stronger  than  1 J  per  cent.,  and  will  probably  exceed 
the  original  stock-solution  in  concentration.  In  case  the  extra- 
solution  is  preceded  by  ordinary  solution,  which  is  always  done  in 
treating  roasted  ores  without  caustic  lime,  and  sometimes  in  treating 
raw  ore,  it  can  be  made  in  the  lixiviation-vat  itself,  on  the  top  of  the 
ore,  by  stopping  the  leaching  as  soon  as  the  liquid  has  sunk  to  the 
surface  of  the  ore.  The  copper  sulphate  is  now  dissolved,  if  neces- 
sary with  addition  of  hyposulphite,  and  under  the  same  precautions 
stated  before,  by  filling  the  space  above  the  ore,  about  12  inches  deep, 
with  solution.  As  this  volume  is  not  sufficient  to  saturate  the  total 
amount  of  ore  in  the  vat,  the  extra-solution  has  to  be  made  in  several 
charges  in  succession.  This  method,  in  the  cases  specified,  is  always 
used  and  recommended  by  Mr.  Russell. 

The  extra-solution  is  in  most  cases  used  to  best  advantage  at  a 
temperature  of  from  90°  to  120°  F.  If  circulated  by  the  Korting 
injector  it  is  more  or  less  heated  thereby. 

The  Sodium  Carbonate  Solution. — If  pure  soda,  manufactured  by 
the  ammonia  process,  has  been  bought,  this  solution  does  not  require 
purification.  It  is  made  by  dissolving  the  soda  in  hyposulphite 
stock-solution  in  preference  to  water  so  that  in  precipitating  the  lead 
the  concentration  of  the  stock-solution  in  hyposulphite  is  not  dimin- 
ished. It  is  recommended  to  dissolve  in  each  cubic  foot  of  stock- 
solution  from  12  to  16  pounds  of  soda  directly  in  the  storage-tanks. 
In  case  ordinary  soda-ash  is  at  hand  it  must  be  purified  with  copper 
sulphate  {Trans.,  xiii.,  55).  In  this  case  it  is  imperative  to  dissolve 
the  soda-ash  in  hyposulphite  solution.  A  copper  sul|)hate  solution 
is  carefully  added,  while  stirring,  until  a  black  precipitate  ceases  to 
appear.  Generally  not  more  than  one  pound  of  copper  sulphate  is 
consumed  to  purify  100  pounds  of  soda-ash.  The  clear  solution  is 
drawn  into  the  storage-tanks.  Caustic  soda  is  also  removed  from 
the  solution  by  copper  sulphate. 
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The  Sodium  Sulphide  Solution. — In  order  to  obtain  a  sodinni 
sulphide  of  niaxinnini  precipitating  power  {Trans.,  xiii.,  98)  the 
following  modus  opvrandi  .should  be  strictly  followed.  The  whole 
contents  of  a  drum  of  caustic  soda,  600  to  700  pounds,  are  broken 
up  into  lumps  which  should  not  exceed  5  or  6  pounds  in  weight, 
and  wliich  are  placed  into  the  iron  tank  |)reviously  described. 
Alx)ut  3  to  3f  cubic  feet  of  water  are  added  provided  dry  steam  of 
high  pressure  is  supplied,  but  less  water  is  used  if  the  steam  is  not 
dry  and  of  low  pressure.  Steam  is  now  turned  on,  and  the  tank 
covered  to  avoid  spattering  of  the  lye.  The  dissolving  of  the  caustic 
soda  takes  from  two  to  three  hours,  and  at  the  end  of  the  operation 
sufficient  steam  should  be  admitted  to  raise  the  temperature  of  the 
Ive  to  not  less  than  200°  F.  The  condensed  steam  increases  the 
volume  of  the  solution.  Its  total  volume  should  finally  be  such 
that  it  measures  as  many  cubic  feet  as  there  were  pounds  of  caustic 
smla  charged  divided  by  62J.  With  other  words,  one  cubic  foot  of 
lye  should  hold  about  62|  pounds  of  caustic  soda.  Now  pulverized 
sulphur,  two-thirds  of  the  weight  of  the  caustic  soda,  is  added,  a 
shovelful  at  a  time,  under  stirring.  The  temperature  of  the  mass 
rises,  it  boils  and  foams,  swelling  to  several  times  its  original 
volume  while  the  chemical  reaction  takes  place.  If  the  process  is 
conducted  according  to  the  directions  given  above,  the  sulphur  will 
dissolve  rapidly  and  completely.  Should  the  lye  have  been  either 
much  less  concentrated  or  of  lower  temperature  than  stated  above^ 
the  solution  of  the  sulphur  will  not  be  complete.  In  this  case  the 
Ive  has  to  be  boiled  with  steam  for  three  or  four  hours.  The  precipi- 
tating coefficient  of  the  finished  product  is,  however,  thereby  dimin- 
i-shed.  The  sodium  sulphide  solution  thus  obtained  is  so  concentrated 
that  it  would  solidify  upon  cooling.  It  is  diluted  with  hyposulphite 
stock-solution  in  preference  to  water,  and  then  transferred  to  the 
storage-tanks.  The  dilution  is  carried  to  such  an  extent  that  the 
total  volume  of  the  solution  measures  as  many  cubic  feet  as  there 
have  been  used  pounds  of  caustic  soda  divided  by  eight. 

The  silver-precipitating  coefficients  for  caustic  soda  and  sulphur 
vary  according  to  the  proportion  of  these  reagents,  and  they  are 
influenced  by  many  other  circumstances.  The  highest  precipitating 
coefficient  obtainable  for  caustic  soda  is  2.3,  and  for  sulphur  4  ; 
that  is  to  say,  one  part  of  caustic  soda  or  sulphur  will  precipitate 
2.3  and  4  parts  of  silver  respectively. 

VOL.  XV. — 24 
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III.  The  Manipulations. 

§  5.    General  Rules  for  Handling  the  Lixiviation- Solutions. 

Before  enterini^  into  a  detailed  description  of  the  modifications  in 
lixiviation  necessary  in  special  cases,  it  is  best  to  establish  general 
rules  that  must  be  followed  under  all  circumstances,  and  without 
which  the  best  results  and  the  greatest  economy  cannot  be  reached. 
The  first  step  to  be  taken  is  to  ascertain  the  weight  of  the  ore  per 
cubic  foot,  and  the  amount  of  solution  required  to  saturate  one  ton 
of  ore.  From  these  figures  the  number  of  tons  of  the  charge  in  the 
lixiviation-vat,  and  the  number  of  cubic  feet  of  solution  neciessary 
for  saturating  the  ore  are  calculated.  One  cubic  foot  of  dry  raw  ore 
(these  ores  are  generally  oxidized,  and  without  any  large  percentage  of 
sulphnrets),  weighs  from  75  to  110  pounds,  and  the  weight  of  one 
cubic  foot  of  dry  roasted  ore  is  from  55  to  90  pounds.     It  takes  from 

7  to  9  cubic  feet  of  solution  to  saturate  one  ton  of  raw  ore,  and  from 

8  to  10  cubic  feet  for  roasted  ore. 

All  roasted  ores  are  first  treated  with  water,  called  the  first  wash- 
water.  Whether  the  first  wash-water  is  followed  by  ordinary  or  by 
extra-solution,  it  is  imperative,  at  the  end  of  this  operation,  to  stop 
the  discharge  of  the  liquor  as  soon  as  the  water  has  sunk  to  the  sur- 
face of  the  ore.  The  space  in  the  vat  above  the  ore  is  now  filled 
with  solution,  and  leaching  is  commenced  and  continued  until  a 
quantity  of  solution,  sufficient  to  saturate  the  charge,  has  been  sup- 
plied. Now  the  discharge  of  the  liquid  is  turned  into  the  precipi- 
tating-tank.  At  the  end  of  leaching  with  hyposulphite,  the  second 
wash-water  follows  the  lixiviation-solution.  Here  again  leaching  is 
stopped  as  soon  as  the  solution  sinks  to  the  surface  of  the  ore.  A 
quantity  of  water  is  now  turned  on,  sufficient  to  saturate  the  charge, 
and  as  soon  as  the  liquor  sinks  to  the  surface  of  the  ore,  discharging 
into  the  precipitating-tank  is  stopped,  and  the  wash-water  is  allowed 
to  run  to  waste,  or  it  is  left  in  the  charge  as  it  will  be  seen  later  on. 
In  applying  the  extra-solution  to  roasted  or  raw  ore,  after  treatment 
with  ordinary  solution,  and  in  the  minimum  quantity,  namely  just 
sufficient  to  saturate  the  charge,  the  same  modus  operandi  as  de- 
scribed above  is  adopted,  in  order  to  replace  the  ordinary  solution. 
As  soon  as  this  is  accomplished,  the  discharge  of  the  solution  from 
the  lixiviation-vat  is  stopi)ed,  and,  as  will  be  explained  later  on,  cir- 
culation of  the  extra-solution  is  commenced.  But  outside  of  these 
measurements  which  are  absolutely  necessary,  it  is  recommended  to 
measure  all  the  wash-water  and  lixiviation-solution  consumed,  so 
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that  (Milv  a  tixod  quantity,  established  by  experience,  is  passed 
through  the  charge.  This  can  bo  acoomjiHshcd  by  applying  the  solu- 
tion in  charges  measured  in  the  lixiviation-vat  itself".  The  space  above 
the  ore,  say  12  inches  deep,  is  filled  witJi  solution,  the  discharge  at  the 
bottom  of  the  vat  having  been  sto]>i)ed.  Leaching  is  now  resumed 
and  continued  until  the  solution  has  sunk  to  the  surface  of  the  ore. 
At  this  moment  the  discharge  is  stopped  again,  and  a  fresh  quantity 
of  solution  ]>ut  on,  and  so  on.  This  method  is  somewhat  tedious,  on 
account  of  the  frequent  interruption  of  the  process,  but  it  is  the  only 
one  to  be  recommended. 

The  facility  with  which  a  solution  filters  through  the  charge 
depends  upon  various  conditions.  With  raw  ores  a  large  percentage 
of  slimes  acts  injuriously,  especially  if  they  consist  of  clay  and  talc 
The  roasting  of  such  material  has  a  beneficial  effect.  Well-roastea 
ores  generally  leach  freely,  even  if  in  a  fine  condition.  This  difficulty 
may  become  serious  in  case  raw  tailings,  mostly  in  the  form  of  slimes, 
are  treated. 

Bv  the  Korting  injector  attached  to  the  discharge-pipe  of  the 
lixiviation-vats,  a  vacuum  below  the  filter  can  be  produced  and  the 
solution  forced  through  with  considerable  speed.  This  method  is 
the  most  simple  and  effective  of  all  for  that  purpose,  and  the  only 
one  to  be  recommended.  The  introduction  of  the  Korting  injector 
is  one  of  the  greatest  improvements  that  has  been  made  in  lixiviation 
from  a  mechanical  standpoint.  Through  the  same  injector  the  cir- 
culation of  the  extra-solution  becomes  possible.  By  circulation,  I 
mean  withdrawing  the  solution  from  the  bottom  of  the  lixiviation- 
vat  and  returning  it  to  the  same  vat,  so  that  it  filters  through  the 
ore  continuously. 

The  rate  of  leaching  or  the  volume  of  solution  that  filters  through 
the  charge  in  a  given  time  is  very  variable.  Mr.  Russell  states  that 
the  most  advantageous  rate  of  leaching  is  as  fast  as  possible.  But 
if  it  is  from  6  to  8  inches  per  hour,  he  rather  prefers  to  leave  it  at 
that  rate  instead  of  accelerating  it  to  12  or  14  inches  by  using  the 
Korting  injector.  Roasted  ores,  containing  caustic  lime,  should  be 
leached  rapidly. 

Another  precaution  in  lixiviation  should  not  be  neglected ;  in  in- 
troducing water  or  solution  into  the  vats,  the  force  of  the  current 
should  be  broken  by  directing  it  against  a  piece  of  matting  or  by 
running  it  through  the  copper  sulphate  box  in  case  the  extra  solu- 
tion is  made  in  the  lixiviation-vat,  so  that  the  even  surface  of  the 
ore  is  not  disturbed. 
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§  6.   Charging  the  Lixiviation-  Vats  loith  Ore. 

After  the  vat  is  charged,  the  surface  of  the  ore  should  be  levelled. 
Upou  application  of  the  first  wash-water  to  roasted  ore,  or  lixiviation- 
solution  to  raw  ore,  the  charge  sinks  more  or  less.  This  shrinkage 
is  from  10  to  18  per  cent,  for  raw  ore,  and  from  12  to  24  per  cent, 
for  roasted  ore.  For  this  reason  the  vats  should  be  filled  to  such  a 
height  that,  after  settling  of  the  charge  has  taken  place,  a  space  of 
about  12  inches — rather  more  than  less — is  left  free  above  the  ore. 
This  is  easily  accomplished  after  a  few  trials. 

A  vat  14  feet  by  6|  feet,  as  formerly  described,  will  hold  from  38 
to  48  tons  of  raw  ore,  or  from  27  to  38  tons  of  roasted  ore. 

§  7.   The  Treatment  of  Roasted  Ores. 

The  First  Wash-water. — The  quantity  of  this  varies  between  20 
and  80  cubic  feet  per  ton  of  ore;  the  time  of  leaching  from  1^  to  4 
hours.  It  is  generally  used  cold,  but  with  warm  water  the  operation 
is  accomplished  sooner.  The  soluble  salts  removed  by  the  first 
wash-water  are  principally  sodium  sulphate  and  chloride.  Besides 
these  there  may  be  the  soluble  sulphates  and  chlorides  of  copper, 
zinc,  manganese,  alumina,  iron,  and  calcium  ;  also  antimonial  and 
arsenical  salts  and  caustic  lime.  Should  lead  chloride  be  present  in 
the  roasted  ore,  it  will  be  changed  to  sulphate  in  contact  with  sul- 
phate solutions.  Lead  sulphate,  however,  is  somewhat  soluble  in  a 
concentrated  solution  of  sodium  sulphate  and  chloride.  So  are 
cuprous  chloride  and  silver  chloride.  The  leaching  with  water  is 
suspended  when  the  liquor  ceases  to  give  a  perceptible  reaction  with 
sodium  sulphide.  The  first  portion  of  more  concentrated  M^ash- 
water  may  hold  sufficient  copper  and  silver  to  be  worth  saving  and, 
in  this  case,  is  collected  in  a  separate  tank.  Cement-silver  can  be 
precipitated  from  it  by  copper  and  the  copper  subsequently  by  iron. 
W^arming,  and  the  addition  of  sulphuric  acid,  hasten  these  reac- 
tions. 

Silver  chloride,  cuprous  chloride,  lead  sulphate,  and  antimonial 
salts  are  in  part  precipitated  from  the  concentrated  wash-water  by 
diluting  it.  Shotdd  the  ore  contain  caustic  lime,  the  wash-water 
(provided  the  solution  shows  a  caustic  reaction)  will  be  free  from 
copper  but  may  hold  considerable  silver.  In  this  case,  the  silver  is 
best  jirccipitatcd  with  scrap-iron  after  the  caustic  lime  has  been  neu- 
tralized with  sulphuric  acid  and  a  surplus  of  acid  has  been  added 
besides.      The  reaction   is  hastened   by  heating  the  solution   with 
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steam.  At  Lake  Valley,  Xew  Mexico,  the  precipitation  of  the 
cement-silver  was  atxHsmplished  in  12  hours,  and  11  to  4  ounces  of 
silver  per  ton  of  ore  were  saved,  with  an  expenditure  of  2  pounds  of 
sulphuric  acid.  Complete  statistics  regarding  this  question  arc  not 
yet  at  hand. 

It  has  been  recommended  in  certain  cases  to  introduce  the  wash- 
water  IkIow  the  filter,  and  force  it  up  through  the  ore  until  it  reaches 
several  inches  above  the  charge,  then  fill  up  the  vat  from  above  and 
reverse  the  current.  A  precipitation  of  silver  chloride,  etc.,  takes 
place,  as  already  explained,  and  these  salts  are  caught  in  the  charge. 
It  is  also  claimed  that  the  subsequent  filtering  of  the  solution  is 
more  rapid.  This  may  be  due  to  the  removal  of  fine  ore-particles 
from  the  filter  through  the  upward  current  of  the  water. 

Tlie  Lixiviation. — Under  this  head  we  have  to  consider  the  fol- 
lowing cases : 

A.  The  roasted  ore  does  not  contain  caustic  lime. 
The  order  in  which  the  solutions  are  applied  in  this  case  is,  one- 
half  of  the  ordinary  solution,  then  the  extra-solution,  followed  by 
the  other  half  of  the  ordinary  solution.  The  volume  of  the  ordi- 
nary solution  varies  between  20  and  120  cubic  feet  per  ton  of  oi"e; 
the  time  of  leaching  with  it,  from  12  to  30  hours.  The  extra-solu- 
tion is  circulated  from  4  to  6  hours.  Both  solutions  are  generally 
used  warm.  After  the  treatment  with  water  has  been  finished  and 
the  wash-water  has  nearly  been  replaced  by  a  measured  quantity  of 
)rdinary  solution,  the  liquid  running  from  the  lixiviation-vat  should 
closely  watched  for  the  appearance  of  the  ordinary  solution,  by 
sting  it  with  sodium  sulphide. 

As  soon  as  a  perceptible  reaction  takes  place,  the  solution  is  turned 

lanto  the  pi-ecipitating-tank.     Leaching   is  now  continued   until  the 

Irst  half  of  the  ordinary  solution   has  passed   through  the  charge. 

!'hen  the  extra-solution  is  applied   in   the  manner  previously  de- 

jribed,  only  with  the  following  modification  :  The  quantity  of  the 

ctra-solution  prepared  should   be  from  5  to  8  or  even  10  per  cent. 

less  than  is  required  to  saturate  the  charge.     The  object  of  this  pre- 

lution  is  to  avoid  wasting  any  extra-solution   by  running  it  into 

le  precipitating-tank  before  the  cuprous  hyposulphite  has  done  its 

[work  on  the  ore,  which  would  easily  occur  if  the  volumeof  the  extra- 

)lution  were  either  the  exact  amount  needed  to  saturate  the  charge 

jr  in  excess  of  it.     After  the  extra-solution  has  circulated  a  sufficient 

lime  it   is  replaced  with   ordinary  solution,  and   leaching  with   the 

flatter  is  recommenced,  and  continued  in  the  usual  way. 
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B.  The  roasted  ore  contains  an  appreciable  percentage  of  caustic 
lifae. 

In  this  case  the  treatment  is  modified  as  follows  :  A  large  volume  of 
extra-solution  precedes  the  ordinary,  and  the  ft)rmer  is  not  circulated 
but  aj)i)lied  like  the  latter.  The  volume  of  the  extra-solution  varies 
between  18  and  40  cubic  feet  ])er  ton  of  ore,  and  that  of  the  ordinary 
solution  between  20  and  90  cubic  feet.  Both  solutions  are  used  cold. 
Practical  experience  has  demonstrated  that  if  roasted  ores  contain- 
ing an  appreciable  percentage  of  caustic  lime  are  treated  with  ordi- 
nary solutions  after  the  first  wash-water,  the  result  is  very  disastrous, 
and  that  the  damage  done  is  only  partially  made  good  by  subsequent 
leaching  with  extra-solution.  But  if  the  extra-solution  is  applied  at 
once,  the  cuprous  hyposulphite  neutralizes  and  counteracts  the  delete- 
rious effect  of  the  caustic  lime,  and  leaves  the  silver  in  a  soluble  form. 
The  extra-solution  is  put  on  in  several  charges,  commencing  with  one 
of  Y*(,  per  cent,  concentration  in  copper  sulphate,  and  followed  by 
others  of  less  concentration,  the  last  one  containing  only  y'^  per  cent, 
of  copper  sulphate.  Before  the  extra-solution  follows  the  first  wash- 
water  it  has  been  found  beneficial  to  impregnate  the  ore  with  a  small 
quantity  of  a  strong  copper  sulphate  solution.  It  can  easily  be 
seen  that  the  first  portion  of  the  extra-solution,  replacing  the  wash- 
water,  must  become  more  or  less  diluted  by  contact  with  water. 
This  dilution  may  be  so  considerable  that  an  insufficient  quantity  of 
copper  is  present  to  protect  the  silver  from  the  deleterious  influence 
of  the  caustic  lime.  The  modus  operandi  is  as  follows:  About  one 
j)Ound  of  copper  sulphate  per  ton  of  ore  is  dissolved  in  such  a  vol- 
ume of  water  that  it  will  fill  the  lixiviation-vat  to  a  depth  of  not 
less  than  one,  and  not  more  than  two  inches. 

As  soon  as  the  first  wash-water  has  sunk  to  the  surface  of  the 
oie,  leaching  is  suspended,  and  the  copper  solution  is  put  on.  The 
latter  is  made  to  sink  a  little  below  the  surface  of  the  ore  before  the 
extra-solution  is  run  on  the  charge,  and  leaching  is  started  again. 
When  the  extra-solution  has  replaced  the  wash-water,  the  discharged 
liquor  is  turned  into  the  precipitating-tank  and  leaching  with  extra- 
solution  is  continued.  How  the  ordinary  solution  is  to  be  applied  after 
leaching  Avith  extra-solution  has  been  completed,  needs  no  further 
explanation. 

The  Second  Wash-Water. — As  soon  as  the  extraction  of  the  silver 
is  completed,  the  "  second  wash-water  "  is  in  order.  ]ts  quantity  is 
from  7  to  10  cubic  feet  per  ton  of  ore.  The  time  of  this  o[)eration 
varies  between  1-^-  and  2|  hours. 
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After  the  ordinary  solution  has  been  replneed  by  the  wash-water, 
the  hitter  is  aUowed  to  run  to  waste  if  tlie  tailings  are  to  be  shovelled 
out,  but  remains  in  the  charge  if  the  tailings  are  to  be  removed  by 
sluicing. 

Discharffitiff  the  lailivgs. — The  tailings  are  now  sampled  with  a 
long  butter-tester  if  they  are  removed  by  sluicing,  or  a  sample  is 
taken  from  each  car  if  the  tailings  have  to  be  shovelled  out.  The 
quantity  of  water  required  for  sluicing  is  about  12  cubic  feet  per 
ton  of  ore.  Hence  it  will  be  possible,  in  most  cases,  to  resort  to 
sluicing  if  ores  are  treated  raw.  Should  water  be  scarce  in  working 
roasted  ores,  the  first  wash-water,  after  silver  and  copper  have  been 
precipitated  from  it,  may  be  pumped  to  a  tank  and  used  for  sluicing. 
This  method  of  removing  tailings  will  under  all  circumstances  be 
cheaper  and  more  convenient  than  shovelling. 

§  8.   Treatment  of  Raw  Ores, 

Raw  ores  require  no  "  first  wash-water,"  The  order  in  which 
the  solutions  are  applied  is  in  most  instances,  extra-solution,  followed 
by  ordinary.  In  some  instances,  but  not  frequently,  the  extra-solu- 
tion is  both  preceded  and  followed  by  ordinary.  In  the  latter  case 
the  operation  is  the  same  as  already  described  for  roasted  ore  with- 
out caustic  lime.  The  extra-solution  is  always  circulated.  If 
leaching  is  commenced  with  extra-solution,  its  volume  should  be 
sufficient  to  cover  the  charge  after  circulation  has  been  started. 
Should  the  extra-solution  made  in  the  extra  tank  fall  short  of  this 
required  volume,  enough  ordinary  solution  is  added.  The  time  of 
circulating  the  extra-solution  is  from  four  to  six  hours.  The  volume 
of  ordinary  solution  varies  between  20  and  90  cubic  feet,  and  the 
time  of  leaching  between  twelve  and  thirty  hours.  Both  solutions 
are  generally  used  warm.  What  has  been  said  in  the  former  para- 
graph about  the  "second  wash-water  "  and  the  discharging  of  the 
tailings  iiolds  good  here  also. 

After  my  MS.  had  been  given  to  the  printer,  Mr.  Russell  sends 
me  the  results  of  some  interesting  experiments  in  reference  to  the 
treatment  of  raw  ores  and  ores  subjected  to  an  oxidiziiig-roasting. 
The  samples  experimented  on  were  obtained  from  tiie  Sombrerete. 
District  and  vicinity,  Zacatecas,  Mexico.  These  experiments  show 
the  remarkable  effect  produced  by  treating  the  ore  with  an  aqueous 
solution  of  copper  sulphate  prior  to  the  application  of  the  lixiviation- 
solution. 
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1st.  Experiment  with  ore  that  had  been  roasted  without  salt  in  a 
reverberatory  furnace  for  two  iiours  at  a  low  heat. 

Value  of  ore  24.9  oz.  silver  per  ton. 

A'^alue  of  tailings  14.58  oz.  after  lixiviation  with  ordinary  solution. 

Value  of  tailings  7.05  oz.  after  lixiviation  with  ordinary  and 
extra-solution. 

Value  of  tailings  2.6  oz.  after  first  using  copper  sulphate  solution, 
and  then  adding  sodium  hyposulphite. 

2d.  Experiment  with  samples  of  raw  ore. 

Tailings  after  treatment  with 


Value  of  raw  ore. 

Ordinary  solution. 

Extra-solution. 

Copper  sulphate  solution, 

and  then  adding  sodium 

hyposulphite. 

13.4  oz. 

12.9  oz. 

10.2  oz. 

7.0  oz. 

18.2  " 

15  3  " 

12.4  " 

7.0  " 

16.3  " 

16.2  " 

10.4  " 

7.8  " 

3d.  Experiment  with  samples  of  raw  ore  treated  at  present  by  the 
patio-process. 

Value  of  raw  ore  12.15  oz.  silver  per  ton. 

Tailings  7.05  oz.  after  treatment  with  ordinary  solution. 

Tailings  4.62  oz.  after  treatment  with  extra-solution. 

Tailings  2.85  oz.  after  treatment  with  copper  sulphate  solution, 
and  then  adding  sodium  hyposulphite. 

There  is  also  a  marked  difference  in  treating  ores  that  have  been 
roasted  with  salt,  as  the  following  experiment  will  show: 

4th.  Experiment  with  ores  that  had  been  roasted  with  salt,  and 
were  treated  by  barrel-amalgamation,  extracting  about  65  per  cent, 
of  the  silver. 

Value  of  ore  14.3  oz.  silver  per  ton. 

Tailings  4.86  oz.  after  lixiviation  with  ordinary  solution. 

Tailings  4.86  oz.  after  lixiviation  with  extra-solution. 

Tailings  2.19  oz.  after  treatment  with  copper  sulphate  solution, 
and  then  adding  sodium  hyposulphite. 

All  these  experiments  were  laboratory  tests  only,  but  I  have  no 
doubt  that  the  results  will  be  practically  the  same  on  a  large  scale. 
For  quantities  of  chemicals,  and  the  modus  operandi  used  in  these 
tests,  see  appendix  to  this  paper  on  laboratory  work. 

§  9.   Constitution  of  the  Lixiviation- Solution  before  Freeipi- 

tatlon. 

The  lixiviation-solution  may  hold,  outside  of  silver  and  gold,  the 
following  elements  that  play  an   important    part   in   precipitation, 
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namely:  Copper,  lead,  antimony,  arsenic,  and  calcium.  Neither 
iron,  zine,  nor  nianjjanese  can  be  present  if  the  first  wasii-water  has 
been  properly  applied. 

Copper  is  derived  from  the  extra-solution,  from  cuprous  chloride  in 
roasteil  ores,  and  from  copper  carbonate  in  raw  ores.  Lead  is  intro- 
duced through  lead  sulphate  in  raw  and  roasted  ores.  Antimony 
and  arsenic  are  derived  from  antimoniates  and  arseniates  in  roasted 
ores.  Calcium  comes  from  calcium  sulphate  and  caustic  lime  in 
roasted  ores,  and  from  gypsum  in  raw  ores.  Although  the  quantity 
of  the  base  metals  in  the  lixiviation-solntion  rarely  exceeds  a  few 
pounds  per  ton  of  ore,  the  value  of  the  precipitated  sulphides  in 
precious  metals  may  nevertheless  be  thereby  diminished  to  a  con- 
siderable extent. 

§  10.  The  Precipitation  of  Lead. 

The  precipitation  of  lead  with  sodium  carbonate  solution  is  very 
easily  effected,  and  the  precipitate  settles  in  a  short  time  {Transac- 
tions, xiii.,  94).  The  necessary  stirring  is  done  with  an  oar  of  hard 
wood.  Care  should  be  taken  not  to  add  an  excess  of  soda.  Although 
the  presence  of  this  reagent  in  a  hyposulphite  solution  is  not  inju- 
rious to  the  extraction  of  the  silver  in  lixiviation,  it  can  easily  be 
seen  that  should  it  become  necessary  to  neutralize  any  caustic  soda 
in  the  solution,  the  consumption  of  sulphuric  acid  would  be  in- 
crea.sed  by  neutralizing  sodium  carbonate  also.  The  clear  solution 
is  decanted  into  the  silver  precipitating-tanks,  while  the  lead  carbo- 
nate is  allowed  to  accumulate  from  several  charges  before  it  is  taken 
to  the  filter-press.  The  lead  carbonate  is  very  pure, containing  no  other 
base  metals,  and  assays  only  from  J  to  f  ounce  in  silver  per  ton. 
Should  lime  have  been  present  in  the  solution,  the  precipitate  is 
contaminated  by  calcium  carbonate.  In  practice  less  than  one 
pound  of  soda  is  consumed  in  precipitating  one  pound  of  lead,  or  one 
and  one-third  pounds  of  lead  carbonate. 

Although  lead  sulphate  is  more  easily  soluble  in  warm  than  in 
cold  hyposulphite  solutions,  and  although  the  concentration  of  the 
latter  increases  its  solvent  energy  for  lead,  the  differences  in  the 
amount  of  lead  dissolved  are  practically  not  very  great  whether  the 
solution  has  been  used  cold  or  warm,  or  whether  it  has  been  some- 
what more  or  less  concentrated.  Neither  does  a  large  amount  of 
lead  sulphate  in  the  ore  affect  the  final  result  materially  since  it  is  by 
no  means  all  dissolved.  The  amount  of  lead  that  finds  its  way  into 
the  lixiviation-solution  rarely  exceeds  5  pounds  per  ton  of  ore.  Of 
course  it  is,  as  a  rule,  desirable  to  reduce  the  quantity  of  lead  dis- 
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solved  as  much  as  possible,  without  diminishing  the  extraction  of 
the  silver.  The  separate  precipitation  of  the  lead  as  carbonate  from 
a  lixiviation-solution  is  always  a  matter  of  economy,  and  may  be 
even  a  source  of  profit,  provided  the  amount  realized  from  the  sale 
of  the  lead  carbonate  exceeds  the  cost  of  the  soda  consumed.  That 
the  precipitation  of  lead  with  soda  is  always  economical  can  easily 
be  seen,  since  the  lead  would  have  to  be  precipitated  otherwise  with 
sodium  sulphide,  a  reagent  much  more  costly  than  soda.  Besides 
this  the  amount  realized  from  the  sale  of  the  lead  carbonate  is  a  clear 
gain. 

§  11.   The  Precipitation  of  Silver. 

This  part  of  the  process  is  also  very  easily  executed.  It  is  hardly 
necessary  to  mention  that  the  solution  should  be  well  stirred  with 
an  oar  while  sodium  sulphide  is  added,  and  that  this  reagent  should 
not  be  used  in  excess.  In  case  this  has  been  done  by  inadvertence, 
more  fresh  lixiviation-solution  from  one  of  the  vats  must  be  added. 
Hence,  the  pi-ecipitating-tanks  should  not  be  filled  too  much.  It  is 
far  better  to  leave  a  slight  quantity  of  silver  in  the  solution,  and  not 
precipitate  the  last  trace  of  it. 

If  the  solution  contains  lime  which  has  not  been  previously  parted 
by  soda,  the  precipitation  of  lead  not  having  been  found  necessary, 
an  insoluble  calcium  monosulphide  may  be  precipitated,  and  may 
contaminate  the  precious  sulphides.  In  this  case,  however,  the  light 
yellow  calcium  preci[)itate  does  not  appear  until  all  the  sulphides  of 
silver,  gold,  and  co{)per  have  fallen  out.  In  order  to  recognize  the 
end  of  the  reaction  with  more  accuracy,  it  is  recommended  to  take 
a  test-tube  full  of  clear  solution,  precipitate  first  the  lime  with  soda 
and  then  add. sodium  sulphide.  The  reaction  is  then  not  obscured 
by  the  yellow  calcium  monosulphide. 

After  settling  of  the  sulphides  has  taken  ])lace,  the  clear  solution 
is  decanted  into  the  pump-sump,  and  the  sulphides  are  drawn  into 
the  filter-press  sump. 

The  consumption  of  sodium  sulphide  per  ton  of  ore  is  very  varia- 
ble, and  depends  principally  upon  the  amount  of  copper  which  has 
to  be  precipitated  with  the  silver. 

§  12.  The  Sulphides. 

Directions  about  handling  the  sulphides  in  the  filter-press  are 
furnished  by  the  manufacturer  of  that  machine. 

For  reasons  already  stated,  it  is   not   my   intention   to  discuss  at 
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}>rfsent  the  various  moth<xls  that  may  be  used  for  oonvortiiiu;  the 
sulphides  iuto  refined  bullion.  In  case  the  sulphides  are  sold  to 
snielting-works,  tiiey  should  be  roasted  in  a  reverberatory  furnace  pre- 
vious to  tlieir  shij)nient.  This  roastino;  need  not  be  a  dead  roast, 
and  is  principally  intended  to  oxidize  the  free  sulphur,  a  considerable 
jn'rcentajre  of  which  is  mixed  with  the  sulphides. 

E.  Balbach  &  Son,  Newark,  pay  for  such  material  99  percent,  of 
the  silver  value  (New  York  quotations  for  fine  silver)  and  charge 
•S 1 00  pe r  ton  fo r  t rea t m en t . 

There  being  at  this  moment  no  full  and  reliable  statistics  in  my 
possession  as  to  the  actual  cost  and  results  of  the  Russell  [)rocess  in 
the  various  places  where  it  has  been  introduced,  I  must  leave  the 
discussion  of  this  subject  also  to  some  future  time. 

APPENDIX. 

Laboratory  Work. 

In  a  lixiviation-mill  the  following  determinations  should  be  made 
every  day  : 

1.  Pulp-assay  of  the  ore  and  salt  mixture. 

2.  Determination  of  the  percentage  of  salt  in  the  pulp. 

3.  From  these  data  the  value  of  the  ore  is  calculated. 

4.  Pulp-assay  of  the  roasted  ore. 

0.  Determination  of  the  percentage  of  soluble  salts  in  the  roasted 
ore. 

6.  From  these  data  the  value  of  the  roasted  ore,  minus  soluble 
salts  is  calculated. 

7.  Tailings  assay. 

8.  In  comparing  the  value  of  the  tailings  with  the  value  of  the 
roasted  ore,  minus  soluble  salts,  the  percentage  of  silver  left  in  the 
tailings  is  calculated. 

9.  Lixiviation-tests  of  the  roasted  ore  with  ordinary  solution. 

10.  Lixiviation-tests  of  the  roasted  ore  with  extra-solution. 

The  results  of  No.  9  show  to  what  perfection  the  roasting  has 
been  carried;  and  those  of  No.  10  show  what  results  may  be  ex- 
pected in  lixiviating  on  a  large  scale.  By  comparing  No.  9  with 
No.  10  we  learn  how  much  the  extraction  of  the  silver  will  be  ben- 
efited by  the  use  of  Russell's  process. 

If  the  ore  is  treated  raw,  most  of  these  determinations  are  not 
required. 
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In  regard  to  the  Hxiviation-tests,  it  is  advisable  to  adopt  some 
definite  practice,  and  I  give  below  the  methods  recommended  and 
used  by  Mr.  Russell.  The  results  of  these  tests,  Mr.  Russell  says, 
will  correspond  with  careful  work  on  a  large  scale,  within  J  to  f 
ounce  of  silver  per  ton  of  ore.  In  all  cases  the  quantity  of  ore  used 
is  ^  or  J  A.  T.,  while  the  volume  of  the  solutions  remains  the  same. 
In  order  to  avoid  the  weighing  of  the  reagents,  a  20  per  cent,  cop- 
per sulphate  solution,  and  a  5  per  cent,  sodium  hyposulphite  solution* 
is  prejiared  (100  c.c.  of  the  former  would  contain  20  gm.  of  copper 
sulphate,  and  100  c.c.  of  the  latter  would  contain  5  gm.  of  sodium 
hyposulphite).  A  pipette  holding  20  c.c,  and  a  measure  for  300 
c.c.  should  beat  hand.  The  quantity  of  hyposulphite  solution  used 
is  always  300  c.c,  and  that  of  copper  sulphate  20  c.c.  In  preparing 
the  extra-solution  the  copper  solution  is  added  to  the  hyposulphite 
solution  in  a  beaker  by  itself.  The  following  rules  are  also  ob- 
served in  every  instance.  The  reagents  are  applied  cold  to  the  ore 
in  a  beaker,  which  is  then  heated,  with  occasional  stirring,  upon  a 
moderately  hot  sand-bath,  until  the  solution  reaches  a  temperature 
of  125°  to  130°  F.  The  beaker  is  then  removed,  the  ore  allowed 
to  settle,  and  the  solution  is  decanted  upon  a  filter  to  which  at  the 
end  of  the  operation  all  the  ore  is  transferred.  After  washing  with 
warm  water  the  filter  is  put  into  a  drying-chamber  and  its  contents 
are  finally  assayed.  If  the  ore  has  been  roasted  it  is  generally  first 
treated  with  300  c.c.  of  warm  water.  The  wash-water  is  decanted 
upon  the  filter,  leaving  the  ore  in  the  beaker,  and  the  lixiviation- 
solutions  are  now  applied. 

How  the  lixiviation-test  with  ordinary  solution  alone  is  to  be  made 
requires  no  further  explanation. 

Mr.  Russell  uses  the  following  three  methods  in  making  lixivia- 
tion-tests  with  extra-solution,  each  of  which  may  be  preceded  by  a 
leaching  of  the  sample  with  water,  in  case  the  ore  has  been  roasted. 

A.  The  sample  is  treated  with  extra-solution  only. 

B.  The  sample  is  treated  as  follows :  Add  20  c.c.  copper  solution 

*  Mr.  Russell  prefers  not  to  use  a  hyposulphite  stock-solution  in  making  these 
lixiviation-tests,  but  to  weigh  out  each  time  15  gm.  of  the  reagent,  place  it  upon  the 
ore  in  the  beaker,  and  allow  it  to  dissolve  in  the  proper  quantity  of  cold  water  added. 
While  I  can  see  no  theoretical  reason  why  tliis  modus  operandi  should  make  any  dif- 
ference, I  do  not  doubt  for  a  moment  Mr.  Russell's  statement,  he  having  made  thou- 
sands of  sucli  tests.  I  would  suggest,  however,  tiiat  by  copying  in  these  tests  more 
closely  the  modus  operandi  on  a  large  scale,  the  laboratory  results  may  perhaps  cor- 
respond better  with  those  obtained  in  practice.  Actual  figures  to  that  eft'ect  would 
be  of  interest.  To  be  sure,  a  hyposulphite  stock-solution  is  a  great  convenience  to 
the  assayer,  provided  its  use  does  not  affect  the  practical  control  of  the  mill-work. 
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and  lieat  to  100°  or  125°  F, ;  leave  for  five  niimites,  and  now  add 
300  e.e.  hyposulphite  solution,  and  heat  to  125°  to  130°  F.  Decant 
upon  filter,  wash  out,  etc. 

C.  The  sample  is  treated  with  ordinary  solution;  decanted  and 
treatetl  with  extra-solution. 

For  raw  ores  method  C  is  most  frequently  used.  A  often  gives 
as  good  results.     B  is  rarely  used. 

Roasted  ores  are  generally  first  leached  with  water,  and  only  if 
not  much  salt  hi\s  been  used  in  roasfing,  and  the  sample  contains 
only  a  small  amount  of  soluble  base  metal  salts,  this  operation  may 
be  dispensed  with. 

For  roasted  ores  without  caustic  lime  method  C  is  most  frequently 
used,  but  A  may  give  as  good  results. 

If  the  roiv^ted  ore  contains  caustic  lime,  method  B  alone  is  used. 

Silver  in  the  wash-water  is  determined  by  precipitating  a  measured 
quantity  with  sodium  sulphide  and  assaying  the  precipitate. 


AN  IMPROVEMENT  IN  APPABATUS  FOR  THE  MANU- 
FACTURE OF  SULPHURIC  ACID. 

BY  W.  n.  ADAMS,  M.E.,  NEW  YORK. 

(St.  Louis  Meeting,  October,  1886.) 

At  the  present  time  all  the  larger  and  better  chemical  works  of 
Europe  and  the  United  States  have  introduced,  as  essential  factors 
in  the  economical  manufacture  of  sulphuric  acid,  both  Glover  towers 
and  Gay-Lussac  absorbing  columns. 

The  clear  exposition  of  facts  given  by  Bode  and  Lunge  in  their 
very  valuable  technical  contributions  since  1870  has  slowly  but 
surely  brought  about  radical  changes  from  the  old  methods  of  manu- 
facture; but  while  the  Gay-Lussac  column  has  been  known  since 
1827  and  the  Glover  tower  was  originated  in  1859,  yet  no  theoreti- 
cal treatise  covering  the  subject  fully  was  given  to  the  world  until 
1876,  when  the  various  contrivances  for  demonstrating  nitrous 
vitriol  were  described  and  criticized  by  Fr.  Bode  in  a  paper  "On 
the  Glover  Tower''  which  obtained  the  great  prize  of  the  Berlin 
Society  for  the  Promotion  of  Industry.* 

*  Published  in  Dirujler'a  Journal^  vols,  ccxxiii.  to  ccxxxv. 
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It  is  interestino;  to  note  the  various  exneriments  and  changes  in 
apparatus  made  use  of  during  the  struggle  for  supremacy  among 
the  alkali  manufacturers  of  Europe.  We  are  indebted  to  them  for 
perfected  chemical  plant  of  all  descriptions — plant  made  necessary 
by  enormous  extensions  of  their  trade, — and,  in  connection  with  the 
manufacture  of  acids,  we  are  deeply  indebted  for  their  utilization  of 
sulphur  in  ores,  with  consequent  increase  in  mining  industries  and 
material  lowering  of  the  price  of  brimstone.  The  production  of 
sulphuric  acid  was  their  fundamental  process;  and  active  competi- 
tion in  trade,  together  with  the  passage  of  laws  to  compel  the  saving 
of  gases,  or  to  render  them  less  destructive  when  issuing  from 
chimneys,  brought  into  use  apparatus  for  the  absorption  of  nitrogen 
compounds. 

The  Gay-Lussac  Absorbing-Tower  for  Nitrous  Gas. 

This  was  the  outcome  of  experimenting  in  the  direction  just 
named,  and  has  not  been  modified  or  changed  materially  up  to  the 
present  day. 

"  It  consists  of  a  chamber  at  the  end  of  a  set  of  chambers,  higher 
than  wide  (a  *  tower  '  or  '  column  '),  the  walls  being  made  of  material 
capable  of  resisting  sulphuric  acid,  and  the  interior  space  filled  with 
a  material  presenting  a  laige  surface.  By  means  of  this  'packing' 
a  stream  of  sulphuric  acid  entering  the  column  from  above  is  divided 
into  small  drops;  at  the  same  time  the  current  of  gas  rising  up  in 
the  tower  is  divided  into  many  small  jets;  thus  the  contact  between 
the  gas  and  the  acid  covering  the  surface  of  the  packing  is  multi- 
plied. 

"The  principle  employed  here  is  exactly  the  same  as  had  been 
employed  for  a  long  time  in  the  'scrubbers'  of  gas-works,  and  is 
also  applied  to  the  condensation  of  muriatic  acid  in  the  decomposi- 
tion of  common  salt,  namely,  to  produce  a  great  many  points  of 
contact  between  the  gas  and  the  absorbing  agent.  Or,  the  interior 
of  the  tower  may  be  represented  as  a  filter  which  allows  only  the 
inert  gas  to  pass,  but  retains  the  gas  acted  upon  by  the  absorbing 
agent." 

The  working  of  the  tower  consists  in  raising  sufficient  quantities 
of  cooled  acid  (density  60°-62°  Baume)  to  storage-tanks  above  the 
level  of  the  top,  whence  it  is  regularly  fed  into  the  interior,  absorb- 
ing various  nitrogen  comj)ounds,  and  the  resulting  nitrous  vitriol 
runs  off  at  the  base  into  proper  storage-tanks  for  use  in  the  Glover 
Tower. 
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^ranutaoturers  of  sulphuric  acid  who  for  many  years  prior  to  1870 
used  some  one  ot"  the  many  forms  of  Gay-Lussac  absorbing  apparatus, 
were  not  in  accord  as  to  their  economy  or  usefulness.  They  were 
generally  employed  to  destroy  the  noxious  properties  of  gas,  dilution 
by  steam  or  absorption  by  water  being  the  rule. 

Of  those  who  studied  the  subject  with  direct  reference  to  the  ab- 
sorption of  nitrogen  compounds  many  were  not  aware  that  the  sav- 
ing of  niter  was  the  least  advantage  to  be  derived.  Since  1870, 
liowever,  they  have  more  closely  studied  the  composition  of  gases 
with  relation  to  chamber-space ;  and  the  advantages  of  excess  of 
nitrous  gas  in  the  chambers,  which  this  absorbing-tower  secures, 
have  become  evident. 

The  principal  drawbacks  to  the  adoption  of  this  most  perfect  ap- 
paratus were  (1)  the  cost  of  the  concentration  of  chamber-acid  (50° 
Baume)  up  to  the  proper  density  for  absorption  purposes  (60°-62° 
Baume),  and  (2)  the  lack  of  some  practical  method  of  utilizing  the 
ab5orbe<l  nitrous  compounds  and  recovering  the  sulphuric  acid  in  a 
pure  state. 

Numberless  inventions  are  upon  record  testifying  to  this  great 
need,  but  the  honor  of  solving  the  problem  was  reserved  for  INIr. 
John  Glover  of  Wallsend,  near  Newcastle-on-Tyne,  England,  who 
hit  upon  the  happy  idea  of  the  tower  which  bears  his  name,  and 
which,  after  a  demonstration  of  its  value,  he  generously  gave  to  the 
world  without  pecuniary  benefit  to  himself. 

The  Glover  Tower  for  Denitratixg  Nitrous  Vitriol. 

This  consists  of  a  chamber  at  the  beginning  of  a  set  of  chambers, 
higher  than  wide  (a  "tower  ")  having  an  outer  casing  of  sheet  lead 
and  lined  in  a  careful  manner  with  bricks  or  tiles  which  conform  to 
and  hold  the  lead  in  shape  and  place. 

The  interior  space  is  filled  closely  to  the  brick  lining  with  acid- 
resisting  materials,  or  "  packing,"  so  placed  that  it  divides  the  vitriol, 
entering  at  the  top,  into  small  streams  or  drops,  thus  presenting  the 
greatest  possible  surface  to  the  ascending  hot  gases  from  the  burners. 

The  exterior  is  attached  to  and  supported  by  strong  framework 
resting  upon  a  solid  base  of  masonry  and  securely  placed  to  prevent 
settling.  The  base  is  usually  at  about  the  level  of  the  chamber- 
bottom,  from  10  to  15  feet  above  the  level  of  the  ground, — but  should 
always  be  high  enough  to  drain  its  pan-acid  into  the  first  chamber.* 

*  For  extended  description,  illustrations  and  details,  see  Bode's  paper  referred  to, 
or  Lunge's  A  Theoretical  and  Practical  Treatise,  etc. 
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The  working  of  the  tower  consists  in  raising  sufficient  quantities 
of  acids,  from  any  source  or  of  any  density,  into  storage-tanks  above 
the  top  of  the  tower,  and  in  feeding  them  into  the  interior  in  such  a 
manner  and  in  such  quantities  as  will  cool  the  incoming  burner- 
gases  to  the  proper  temperature  for  maximum  chamber-working. 
These  acids  give  up  the  major  part  of  the  water  they  may  contain 
and  during  such  concentration  also  give  up  any  nitrous  compounds 
they  may  contain,  which  with  the  sulphurous  gas,  steam,  etc.,  pass 
into  the  chambers. 

The  concentrated  acid  (59°-60°  Baume)  overflows  from  the  pan- 
bottom,  is  cooled,  stored  and  utilized  for  any  of  the  ordinary  pur- 
poses. 

Theoretically,  the  working  of  the  Glover  tower  and  Gay-Lussao 
column  in  combination  gives  us  the  first  rational  process  for  the 
economical  manufacture  of  sulphuric  acid  in  a  large  way ;  and  it 
may  be  said  that  neither  principle  of  working  is  valuable  without 
the  other,  nor  can  any  works  be  said  to  be  properly  constructed 
without  employing  the  principles  of  both. 

Practically,  however,  the  Glover  tower  has  not  been  successful 
except,  as  stated,  in  the  larger  and  better  works,  where  managers 
are  employed  whose  skill  commands  success.  In  fact  the  majority 
of  works  in  this  country  employ  neither  the  Gay-Lussac  column 
nor  its  companion  the  Glover  tower,  and  such  works  are  fast  being 
relegated  to  the  rear  of  the  procession. 

It  is  matter  of  surprise  that  such  valuable  parts  of  a  large  process 
should  be  lacking  at  this  late  day.  The  principal  difficulty  encoun- 
tered by  those  who  have  erected  the  Glover  tower  seems  to  have 
been  the  lack  of  an  acid-resisting  material  to  line  the  interior, — a 
material  which  will  withstand  disintegration  in  contact  with  hot 
concentrated  acids. 

After  expenditures  of  large  sums  of  money  during  the  past  twenty 
years,  in  the  trial  of  every  known  substance,  nothing  has  been  found 
to  answer  all  the  requirements. 

The  weight  of  materials  ordinarily  used  in  towers  (say  30  to  40 
feet  high  and  8  by  10  feet  in  sectional  area)  is  upwards  of  60  tons, 
sufficient  to  unsettle  any  construction  of  interior  arches,  flues  or 
walls.  The  expansion  and  contraction  of  starting  the  process  (tem- 
perature, say,  300°  to  900°  F.)  and  stopping  to  wash  down  (tempera- 
ture, say,  65°  to  100°  F.)  would  in  itself  be  sufficient  cause  for 
meciianical  change  in  the  materials  when  under  such  strain  of  weight 
and  pressure.     The  construction,  however,  might  be  rendered  stable 
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were  it  not  for  tlie  more  serious  troiihle,  ilie  iiradiial  dissolution  of 
the  materials  themselves,  subjeoted  for  months  at  a  time  to  high 
temperatures  and  saturation  with  most  destructive  acids. 

Much  stress  is  laid  u|>on  the  peculiar  arrangement  of  the  material 
in  towel's,  the  gradual  tilling  up  of  the  interstices,  it  is  said  by  some 
managers,  being  due  to  inflow  of  dust  from  the  burners.  If  this 
were  the  real  cause  and  only  trouble,  the  "flushing"  of  the  towers 
by  tiie  admission  of  floods  of  acid  or  water  would  obviate  the  diffi- 
culty promptly.  But  sad  experience  with  entire  absence  of  dust 
proves  this  not  to  be  the  cause.  The  choking  or  closing  up  is 
attributable  in  nearly  every  case  to  decomposition  or  disintegration 
of  the  materials. 

The  matters  taken  into  solution  part  with  their  water  gradually 
on  the  downward  flow,  and  hardened  masses  or  milk-white  stalactitic 
growths  are  formed,  almost  effectually  closing  the  draught-holes  at 
the  centre  or  base  of  the  "  packing,"  where  the  greatest  heat  is 
found.  A  simple  test  will  show  these  deposits  to  be  anhydrous 
sulphates  of  aluuiina,  iron,  etc.,  in  such  definite  proportions  and 
quantities  as  only  could  come  from  the  bricks  above. 

It  is  no  wonder  that  the  level  and  stability  of  the  interior  walls 
and  "  packing"  of  towers  is  lost,  when  such  solutions  are  constantly 
forming,  or  that  the  expense  of  working  towers  so  choked  has  ex- 
ceeded the  benefits  derived.  The  composition  of  materials  for  lining 
or  packing  towers  has  been  a  careful  study  for  years  with  our  most 
thorough  chemical  managers,  but  when  acid  above  60°  Baume  was 
required,  the  decomposition  of  lining  and  "packing"  has  always 
been  rapid  and  constant.  Until  this  year  it  may  be  said  that  no 
material  or  method  of  lining  towers  has  given  })romise  of  withstand- 
ing the  usual  deterioration,  and  therefore  the  full  measure  of  value 
and  great  utility  of  the  Glover  tower  has  not  as  yet  been  realized. 

The  question  has  often  arisen  as  to  the  possibility  of  adopting 
other  forms  of  plant  and  modifications  in  construction  to  accom- 
plish the  same  results;  and  I  beg  to  lay  before  the  Institute  my 
suororestions  in  this  direction. 

Fig.  1  is  a  view  in  perspective  of  a  plant  largely  used  in  this 
country  for  burning  pyrites  "smalls."  The  position  of  the  flues, 
upright,  downright  and  horizontal,  is  modified  to  suit  the  conditions 
of  the  various  works  to  which  I  attach  this  plant.  The  illustration 
is  intrcKluced  here  to  show  a  form  of  dust-catching  flues  and  cooling- 
flues  which  will  be  new  to  most  engineers,  but  also,  and  principally, 
VOL.  XV. — 25 
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to  show  the  ordinary  position  which  the  Glover  tower  occupies  with 
relation  to  the  remainder  of  the  plant. 

My  suggestions  refer  to  a  novel  construction  of  flue,  or  series  of 
flues,  connected  to  and  made  a  part  of  the  gas  flue  leading  from  the 
brimstone-furnace,  or  from  pyrites  k  Ins  or  furnaces.  They  are  in- 
tended to  be  substituted  for  the  Glover  tower  and  to  accomplish  the 
same  results  in  the  manufacture  of  sulphuric  acid,  being  however 
apj)licable  to  any  size  of  ]>lant,  and,  at  small  cost,  forming  a  new 
link  in  the  chain  of  a  perfected  process. 

Fig.  2  is  a  perspective  view  of  a  plant  which  burns  pyrites 
"smalls,"  and  shows  the  dust-catching  flue,  somewhat  modified  from 
Fig.  1. 

This  sketch  embodies  my  suggestion  in  a  general  way  as  adapted 
to  small  works  burning  pyrites. 

In  place  of  the  tower  in  Fig.  1,  horizontal  flues  of  convenient 
length  and  size  are  used,  containing  the  necessary  acid-resisting 
materials  to  accomplish  the  same  general  distribution  and  filtration 
of  gases,  and  saturation  with  acids  as  in  the  Glover  tower,  making 
it  in  fact  a  tower  laid  on  its  side,  and  which  is  called 

The  Adams  Denitratixg  Flue. 

It  consists  of  a  leaden  bottom,  pan-shaped,  which  carries  sufficient 
acid  at  all  times  to  insure  freedom  from  corrosion,  and  to  act  auto- 
matically as  a  controller  of  the  speed  of  burner-gases. 

The  pan  is  supported  uj)on  a  suitable  floor  and  columns,  as  shown, 
at  such  height  as  will  allow  the  chamber-acids  to  feed  the  filters 
automatically,  and  permit  the  cooling  and  storage  of  concentrated 
acids  without  cost  of  handling. 

The  sides  and  end  are  of  lead  burned  to  the  pan.  They  are 
stayed  by  perforated  cast-iron  plates  which  retain  the  shape  of  the 
flue  and  form  the  support  for  the  top. 

The  dome  or  top  of  the  flue  is  made  of  materials  chosen  according 
to  conditions  of  use,  and  is  removable  at  pleasure. 

The  connections  to  the  chambers  are  not  shown  in  detail,  but  will 
be  readily  understood. 

Inside  the  flue,  acid-resisting  materials  are  placed  along  the  walls 
and  backed  by  crushed  coke,  glass,  etc.,  which,  is  a  cushion  upon 
and  protection  for  the  leaden  sheets,  keeping  them  from  contact  with 
the  filters,  hot  acids  or  gases.  Inside  the  wall-protecting  lining,  a 
non-corrosive  "packing"  fills  the  flue  from  top  to  bottom. 
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The  construction  is  such  that  burner-gases  of  any  known  tem- 
]>erature  can  be  put  through  the  flue  without  damage  to  its  parts, 
excess  ot"  boat  automatically  bringing  an  excess  of  acid  to  the  filters. 

AVith  the  aid  of  Fig.  2  this  explanation  will  be  sufficient  to  show 
the  simplicity  of  construction,  the  adajitability  to  existing  works, 
and  the  novelty  of  the  suggestion  as  compared  to  anything  hereto- 
fore devised.  Some  new  ideas  are  worked  out  by  which  the  control 
and  utilization  of  the  entire  heat  of  the  burner-gases  will  materially 
reduce  the  present  cost  of  acids,  while  assuring  a  constant  operation 
of  the  plant. 

The  essential  features  hi  a  radical  change  of  this  character  are: 

1.  Absolute  control  of  chamber-temperatures. 

2.  No  excessive  weight  of  lining,  packing,  etc.;  no  corrosion; 
therefore  no  extraordinary  repairs  or  stoppages. 

3.  All  the  acids  from  the  chambers  are  concentrated  to  63°-64° 
Baume  by  heat  of  burner-gases. 

4.  Small  cost  of  construction  and  unlimited  capacity. 

5.  Saving  over  one-half  of  pumping  cost,  etc.,  involved  in  the  de- 
livery of  the  acids  to  the  top  of  towers. 


XoTE. — I  have  embodied  in  this  paper  a  description  of  the  Gay- 
Lussac  absorbing  column  and  its  working,  because  its  office  is  so 
little  understood  or  so  misunderstood,  outside  the  larger  works,  and 
its  value  must  be  seen  to  be  wholly  dependent  upon  a  perfect  deni- 
trating  apparatus. 

It  is  constructed  with  advantage  to  contain  2  per  cent,  of  the 
cubic  space  of  all  the  chambers. 

With  tower-acid  59°-60°  B.,  the  best  working  results  are  obtained 
at  present  by  passing  through  it  one-half  to  three-fourths  of  the  acid 
produced  daily,  and,  under  certain  conditions,  all  the  acid  produced 
may  be  run  through  with  advantage. 

With  a  denitrating  apparatus  working  regularly  and  giving  63°— 
64°  B.  vitriol,  the  absorbing  column  would  really  fulfil  its  office 
by  saving  every  trace  of  nitrogen  compounds  which  were  absorbable, 
and  this  by  use  of  about  one-half  the  acid  now  required. 

If  properly  worked,  the  Gay-Lussac  column  allows  the  acid- 
making  process  to  be  pushed  to  its  utmost,  admits  of  carrying  an 
excess  of  nitrous  gas  in  the  chambers  for  such  purpose,^  and  recovers- 
any  portions  expelled  by  rapid  working. 
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LARGE  CHARGES  vs.  SMALL    CHARGES  AT  WARWICK 
FURNACE. 

BY  EDGAR  S.   COOK,    POTTSTOWST,  PA. 

(St.  Louis  Meeting,  October,  1886.) 

At  the  close  of  the  Bethlehem  Meeting,  the  writer  was  experi- 
menting with  large  fuel-charges,  4000  lbs.  basis,  as  compared  with 
2000  lbs.,  but  had  not  made  sufficient  progress  to  draw  any  safe 
conclusions.  Previously  we  had  always  used  2000  lbs.  fuel,  the 
ore-burden  being  proportioned  to  this  as  a  basis.  I  could  never 
persuade  myself  that  there  was  any  advantage  to  be  derived  from 
following  the  more  popular  method  of  larger  fuel-charges.  Our 
men  were  accustomed  to  the  old  way  of  filling  ;  and  we  did  not  care 
to  run  the  risk  of  the  errors  likely  to  follow  any  alteration  in  routine 
work,  particularly  as  1  could  not,  by  my  course  of  reasoning,  dis- 
cover any  compensating  gain. 

Nevertheless,  after  reading  Mr.  Gordon's  discussion  of  Mr.  Birk- 
inbine's  paper,  *'  Operations  of  Warwick  Furnace  from  August  27th, 
1880,  to  September  1st,  1885"  [Transactions,  xiv.,  833),  I  determined 
to  test  by  actual  experiment  the  value  of  large  fuel-charges  :  the 
change  was  made  in  the  week  commencing  March  28th,  1886,  and 
continued  until  July  25th,  about  four  months.  The  fuel  and  ores 
remained  during  the  trial  the  same  as  had  been  used  before,  and 
have  been  used  since. 

For  the  first  two  weeks,  the  furnace  worked  with  great  regularity, 
giving  excellent  results,  exceeding  those  of  the  two  weeks  immedi- 
ately preceding.  But  for  my  remembrance  that  the  furnace  had  on 
former  occasions  worked  with  equal  uniformity  for  longer  periods 
without  any  apparent  reason,  I  should  doubtless  have  concluded 
that  this  imj)rovement  was  due  to  the  different  method  of  filling  and 
congratulated  myself  that  a  means  had  at  last  been  found  to  prevent 
inconvenient ''dirt"  accumulations.  Before  abjuring  my  previous 
skepticism,  however,  I  resolved  to  pursue  the  trial  further. 

The  fourth  week  developed  the  peculiar  conditions  that  had  pre- 
vailed previous  to  the  change;  and  these  continued  with  more  or 
less  frequency  during  May,  June  and  July.  At  last,  finding  no  im- 
provement over  the  smaller  charges — no  change  in  fact  for  better  or 
for  worse — I  commenced  filling  the  2000  lbs.  fuel-charge  in  the 
latter  part  of  July,  and  have  continued  it  up  to  present  writing,  Sep- 
tember 4th. 
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The  furnace  showed  with  the  4000  lb.  fucl-charoos  no  disposition 
to  carrv  more  or  less  burden  per  lb.  of  fuel.  There  was  no  difference 
in  the  rate  of  driving;.  Upon  changino:  back  to  the  2001  lb.  fuel 
charge,  I  could  notice  no  appreciable  ditference  in  the  working  of 
the  furnace.  The  ore-dirt  accumulation,  which  tiie  large  charge  was 
calculated  to  prevent,  was  not  atfected  in  the  least. 

It  seems  to  me  that  in  furnaces  of  moderate  dimensions,  the  size 
of  charge  has  little  or  nothing  to  do  with  the  actual  working  of  the 
furnace,  but  that  it  is  merely  a  matter  of  convenience  in  filling.  In 
large  furnaces,  having  large  bells  and  stock-lines,  a  small  fuel-charge, 
such  as  2000  lbs.,  would  not  afford  equal  distribution  around  the 
bell ;  and  charges  of  4000,  6000  or  8000  lbs.  fuel  would  be  prefer- 
able. In  other  words,  as  long  as  the  fuel  is  equally  distributed  to 
all  parts  of  the  furnace,  the  depth  of  charge  as  filled  into  the  furnace 
is  a  matter  of  indifference. 

For  some  distance  above  the  tuyeres,  varying  in  the  same  furnace, 
the  contents  are  mainly  fuel  (coal  or  coke,  as  the  case  may  be)  and  a 
little  limestone.  The  fuel  accumulates  there,  forming  a  bed  of  vary- 
ing height,  whether  it  is  filled  at  the  top  in  charges  of  2000,  4000 
or  6000  lbs.  If  one  side  of  the  furnace  receives  more  fuel  than  the 
opposite  side,  scaffolds  are  likely  to  result,  or  irregular  work  of  less 
serious  character.  To  overcome  this  danger,  the  fuel-charge  should 
be  large  enough  to  fill  the  bell  reasonably  well,  independent  of  the 
manner  of  dumping  followed  by  the  top-filler.  This  accomplished, 
any  other  benefits  resulting  from  increasing  the  size  of  fuel-charge 
are  probably  more  imaginary  than  real. 

Another  experiment,  recently  tried  at  the  Warwick  furnace,  may 
throw  some  light  upon  the  ore-dirt  accumulations.  About  the  first 
of  August,  we  began  to  make  a  lot  of  Bessemer  iron,  using  a  mixture 
of  40  per  cent.  Boyertown  ore  of  our  own  mining,  and  60  per  cent, 
foreign  ore.  In  a  run  of  seven  days,  we  n)ade  607  tons,  two-thirds 
Xo.  1  and  one-third  No.  2,  with  the  burden  which,  on  our  regular 
mill  mixture,  gave  us  gray  forge  iron.  The  difference  was  chiefly 
due  to  the  greater  ease  of  reduction  of  the  Bessemer  mixture.  This 
ease  of  reduction  seemed  also  to  exercise  a  favorable  influence  in 
preventing  ore-dirt  accumulation.  In  other  words,  the  upper  part 
of  the  stack  could  reduce  the  ore  as  rapidly  as  the  crucible  was  able 
to  melt  it.  Harmony  of  proportion  between  the  two  regions  was 
for  the  time  being  restored;  and  the  work  of  the  furnace  proceeded 
with  less  interruption  and  irregularity  than  usual. 

Owing  to  a  pressure  of  orders  for  mill-iron,  we  were  obliged  to 
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discontinue  the  Bessemer  mixture,  after  running  on  it  for  about 
twelve  days.  I  regretted  that  the  experiment  could  not  be  continued 
longer.  So  far  as  tried,  it  tended  to  support  the  view  advanced  by 
me  in  explanation  of  the  ore-dirt  accumulation  ;  but  the  trial  was 
not  of  sufficient  duration  to  prove  or  disprove  anything. 

Our  regular  mill-iron  mixture  produces  iron  containing  on  an 
average  about  0.35  per  cent,  of  phosphorus.  The  Bessemer  mixture 
was  calculated  to  give  us  an  iron  containing  from  0.065  to  0.070  of 
phosphorus,  depending  upon  variation  in  fuel.  In  24  hours  after 
the  Bessemer  mixture  came  fully  to  work,  the  iron,  as  analyzed  by 
Mr.  McCreath,  gave  0.078  per  cent,  phosphorus,  finally  getting  down 
to  0.066  per  cent,  phosphorus :  thus  showing  that  the  walls  of  the 
furnace  were  comparatively  clean  and  free  from  scaffold- material. 

Later  in  the  year  we  shall  probably  run  on  a  Bessemer  mixture 
for  a  couple  of  months;  when  a  better  opportunity  will  be  afforded 
to  observe  the  results  upon  the  ore-dirt  accumulation. 
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These  mines  are  situated  in  Griqualand  West,  which  is  now  a 
part  of  the  Cape  Colony.  The  town  of  Kimberley  is  in  latitude 
28°40'  South,  longitude  25°  10'  East,  about  640  miles  northeast  of 
Cape  Town  and  450  miles  from  Port  Elizabeth  on  the  east  coast. 
It  is  connected  with  these  towns  by  a  railroad,  which  has  been  com- 
pleted during  the  present  year.  The  mines  are  located  in  a  desert 
country,  resembling  the  desert  portion  of  Arizona.  The  elevation 
above  sea-level  is  about  4000  feet.  The  climate  is  exceedingly  hot 
during  the  summer  months. 

Diamond  Deposits. — There  are  four  large  diamond-bearing  depos- 
its at  Kimberley,  all  lying  within  a  radius  of  one  and  one-half 
miles,  having  the  De  Beers  mine  as  the  center.  These  are  named 
the  "  Kimberley,"  "  De  Beers,"  "  Du  Toit's  Pan,"  and  "  Bultfon- 
tein  "  mines. 

There  is,  also,  directly  west  of  the  Kimberley  mine,  a  small  de- 
posit, called  *'  St.  Augustine,"  which  has  been  prospected  only,  and 
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can  hanll y  be  classed  with  the  others.     The  relative  position  of  these 
mines  is  shown  in  the  accompanying  diagram. 


Vie  I. 


ST. AUGUSTINE  MrNE^ 


KIMCERLEY  MINE( 


TOWN  OF 
KIMBERLEY 


DE  BEERS  MINE 


BULTFOSTEIN  MINE 
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Diagram  showing  Relative  Position  of  Soutli  African  Diamond  Mines. 

In  the  present  paper,  I  purpose  to  give  a  general  account  of  the 
discovery  of  the  Diamond  Fields,  compiled  from  the  early  reports, 
and  add  a  detailed  description  of  the  two  richest  deposits. 

Early  History. 

The  first  diamond  is  said  to  have  been  found,  in  1867,  by  some 
Dutch  children  on  a  farm  near  Hope  Town,  about  90  miles  south 
of  Kimberley. 
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It  passed  into  the  hands  of  a  Dutch  farmer,  named  Van  Niekerk, 
who  gave  it  to  a  noted  hunter,  O'Reiley,  to  take  to  the  coast,  to 
ascertain  what  it  was.  After  considerable  trouble,  an  Amsterdam 
merchant  was  consulted,  and  pronounced  it  a  diamond  of  remark- 
ably fine  quality. 

In  1869,  the  famous  "Star  of  South  Africa"  was  found  by  a 
Hottentot.  It  weighed  83  carats,  and  was  sold  for  £400  to  Van 
Niekerk,  who,  in  turn,  sold  it  to  merchants  in  Hope  Town  for  £12,- 
000.     Finally,  it  came  into  the  possession  of  Lord  Dudley. 

The  discovery  of  these  diamonds  set  the  whole  country  in  great 
excitement.     The  rush  to  the  new  fields  is  described  as  follows : 

"  The  year  1870  saw  the  banks  of  the  Vaal  river  suddenly,  as  by 
magic,  densely  populated  with  tents  and  huts  of  every  size  and 
shape,  picturesquely  pitched  among  the  trees,  while,  by  the  river, 
men  stood,  half  naked,  rocking  cradles,  with  others  eagerly  sorting 
and  searching,  on  tables,  the  products  of  the  rockers.  It  was  a  gay 
scene,  but  the  work  was  cruelly  unsatisfactory  and  disappointing." 

The  river  diggings  were  the  precursors  of  the  famous  mines  at 
Kimberley.  At  the  close  of  1870,  the  Dutch  or  Boer  farmers  were 
digging  about  the  surface  of  their  farms  looking  for  diamonds.  Early 
in  1871,  a  Boer,  named  Van  Wyk,  found  diamonds  upon  his  farm. 
At  first,  but  little  credence  was  given  to  the  reports  of  the  "  finds" 
of  diamonds  i)y  the  Boers.  After  a  few  months,  however,  the  fre- 
quent finding  of  diamonds  caused  a  general  stampede  from  the  river 
to  the  farm  Du  Toit's  Pan,  which  was  thrown  open  to  the  diggers, 
to  whom  the  owner  sold  claims,  31  feet  by  31  feet  square,  for  seven 
shillings  and  sixpence  per  claim.  A  little  later,  the  De  Beers  farm 
was  also  thrown  open  to  the  public,  so  that  a  digger  was  entitled  to 
locate  two  claims  of  31  feet  square  each,  for  which  he  paid  a  monthly 
license  often  shillings.  One  of  the  claims  was  used  as  a  dump  for 
the  debris  from  the  other.  The  original  method  of  working  was 
very  simple.  The  surface-earth  was  passed  through  coarse  screens 
of  different  fineness.  That  which  was  left  in  the  screens  was  placed 
on  tables  and  sorted  or  searched  for  diamonds.  The  diggers,  in  the 
early  days,  are  said  to  have  made  little  more  than  expenses,  although 
an  enormous  number  of  diamonds  was  found.  One  reason  for  the 
poor  yield  to  the  early  diggers  was  that  the  prices,  at  which  the 
diamonds  were  bought,  were  far  below  their  intrinsic  value.  This 
was,  however,  of  short  duration. 

"  Diamond  experts  from  Europe  came  by  scores,  and,  as  they  were 
mostly  of  a  persuasion  generally  and  justly  credited  with  great  acu- 
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men  in  all  tratlinij?,  more  especially  of  tlieir  knowledge  of  and  deal- 
ings in  precious  stones,  the  business  of  diamond-buying  was  soon 
reiiuced  to  a  science." 

In  July,  1871,  the  famous  Kimberley  mine  was  discovered.  This 
is  by  far  the  richest  of  all  the  mines.  The  farm,  on  which  are  situ- 
ateil  the  De  Beers,  Kimberley  and  St.  Augustine  mines,  was  pur- 
chaseil  by  the  Government  of  the  Cape  Colony  for  £100,000.  The 
Pe  Beers  and  Kimberley  mines  are  held  and  worked  under  the  old 
system  of  paying  to  the  Government  a  monthly  license  fee  of  ten  shil- 
lings for  each  claim.  The  Du  Toits  Pan  and  Bultfontein  mines  are 
owned  by  the  London  and  South  African  Exploration  Company, 
and  leased  to  the  diggers. 

In  1873,  Kimberley  had  grown  to  be  a  town,  with  a  population 
of  20,000  to  25,000,  while  the  neighboring  towns  and  camj)S  were 
nearly  deserted.  In  1876,  the  method  of  ■washing  the  diamond-bear- 
ing ground  superseded  the  old  method  o^  dry  sorting;  and  the  per- 
centage of  diamonds  saved  was  largely  increased,  thus  proving  that 
a  large  percentage  of  diamonds  had  been  thrown  away,  while  the 
old  dry  sorting  was  in  vogue.  The  debris  from  the  Kimberley  was 
sought  after  and  washed,  in  preference  to  mining  virgin  ground  in 
the  other  mines. 

The  Kimberley  Mine. 

The  deposit  of  diamond-bearing  ground  in  this  mine  is  oval  in 
shape.  The  longer  axis  at  the  surface  is  about  900  feet  long,  and 
runs  from  east  to  west,  while  the  shorter  axis  is  about  550  feet  long, 
and  runs  from  north  to  south. 

The  surface,  above  the  diamond-bearing  or  "  Blue  "  ground,  was 
a  red,  sandy  soil,  and  formed  a  low  mound,  a  few  feet  above  the 
surrounding  plain.  The  first  diamond  is  said  to  have  been  found 
in  a  shaft  at  the  depth  of  about  20  feet. 

The  surface  was  originally  blocked  off  into  claims  of  31  feet 
sfjuare,  and,  within  a  week  from  the  discovery  of  the  first  diamond, 
about  1500  licenses  to  work  claims  had  been  granted.  The  claims 
were  laid  off,  subject  to  a  reservation  of  7|^  feet  for  a  road- way  of  15 
feet,  to  run  between  every  pair  of  tiers  of  claims,  for  the  better  re- 
moval of  the  diamond-bearing  ground.  This  method  of  working 
did  not  last  long ;  for,  either  by  the  caving  of  the  ground  or  through 
the  avarice  of  the  digger,  the  roads  became  undermined,  and  not 
infrequently  a  load  of  earth,  with  wagon,  mules,  driver  and  all, 
would  be  precipitated  into  the  claims  below. 
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The  next  method  of  removinor  the  jxronnd  was  by  means  of  a 
buokot,  hung  hv  a  sheave,  which  ran  upon  a  standing  wire  rope. 
The  rope  was  fastened  at  one  end  in  the  claim,  and  at  the  other  on 
the  surfiice.  The  bucket  was  hoisted  by  a  light  winding  rope,  at 
first  with  a  hand  windlass,  tiien  with  a  whim,  and  later  by  steam- 
power.  So  great  was  the  ]>rejudice  against  steam-hoists,  that  the 
first  engine  had  to  be  kept  under  an  armed  guard,  day  and  night, 
to  prevent  the  diggers  from  destroying  it. 

From  1877  to  1879,  the  claims  were  consolidated  into  companies, 
in  order  to  reduce  the  cost  of  mining;  but  more  especially  to  make 
it  possible  to  work  the  mines  at  all.  The  depth,  to  which  the  indi- 
vidual claims  had  been  worked  in  open  quarry,  made  the  consolida- 
tion of  claims  in  larger  blocks  an  absolute  necessity.  The  princi})al 
companies  are  the  Kimberlev  Central  Diamond  Mining  Company, 
the  Compagnie  Fran^aise  des  Mines  de  Diamants  du  Cap,  the  W. 
A.  Hall  Company,  the  Standard  Diamond  Mining  Company,  and  a 
few  smaller  comjninies  which  coverall  the  diamond-bearing  ground. 

The  present  method  of  hoisting  is  by  means  of  aerial  trams  con- 
structed in  the  following  manner:  Two  wire  cables  are  stretched 
tightly  from  an  anchorage  in  the  bottom  of  the  pit  to  one  on  the 
surface.  These  form  the  track,  on  which  runs  a  car  with  grooved 
wheels.  To  this  is  attached  a  self-dumping  bucket  which  dumps 
into  a  chute  on  the  surface;  or  (as  is  the  case  in  the  French  com- 
pany's mine),  the  ore-car  itself  is  hung  underneath  the  aerial  car, 
and  is  easily  uncoupled  as  it  reaches  the  surface.  There  are  usually 
two  tracks,  one  car  descending  while  the  other  is  being  hoisted.  The 
hoisting  is  done  by  small  hoisting-engines,  similar  to  those  used  in 
this  country. 

The  Kimberley  mine  has  been  worked  as  an  open  mine  to  a 
depth  of  nearly  500  feet,  and  a  prospecting  shaft  has  been  sunk  in 
the  bottom  of  the  mine  to  a  further  depth  of  about  100  feet. 

This  mine  is  shown  in  the  plan.  Fig.  2,  and  the  two  sections, 
Figs.  3  and  4.  The  drawings  are  taken  from  the  Government  re- 
ports, and  represent  the  work  done  in  the  mine  up  to  the  end  of 
1883.     Later  reports  do  not  contain  any  drawings. 

The  outer  line,  Fig.  2,  shows  the  opening  at  the  surface. 

As  mentioned  above,  the  surface  was  a  red  soil.  Below  this  was 
found  a  decomposed  or  disintegrated  diamond-bearing  earth,  which 
gradually  changed  into  the  "Blue"  or  hard  demantiferous  cement. 

This  deposit  was  surrounded  on  the  surface  and  to  the  de])th  of 
60  to  70  feet  by  a  yellow  shale. 
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Underlying  the  yellow  shale  is  a  black  shale,  about  200  feet  thick. 
Below  the  black  shale  is  a  very  hard  amygdaloidal,  igneous  rock, 
represented  in  Fig.  2  by  a  heavy  broken  line. 

By  reference  to  the  plan,  Fig.  2,  and  sections,  Figs.  3  and  4,  it 
will  be  seen  that,  in  depth,  the  surrounding  rocks  are  gradually 
encroaching  on  the  diamond-bearing  ground. 

This  is  proved  to  be  the  case  on  the  north,  south  and  east  sides  of 
the  mine,  and  until  recently  it  was  assumed  that  the  hard  rock  would 
also  be  found  to  encroach  on  the  west  side. 

The  "  Blue  "  ground  in  that  part  of  the  mine  has  been  very  poor, 
and  consequently  the  hard  wall-rock  has  not  been  reached,  except 
by  tunnel  or  drifts.  This  work  shows  the  hard  rock  at  two  points, 
one  50  feet  above  the  other,  to  have  a  decided  dip  to  the  northwest 
or  outward  dip.  Further  work  will  have  to  be  done  to  prove  be- 
yond a  doubt  the  position  of  the  wall-rock  on  the  west  end  of  the 
claim. 

The  greatest  drawback  to  the  working  of  the  mine  has  been  the 
caving  of  the  friable  shales  which  surround  it. 

As  soon  as  the  claims  lying  adjacent  to  the  shale  had  been  worked 
to  any  considerable  depth,  the  shale  (or  "  reef,"  as  it  is  locally  called) 
commenced  to  subside  and  fall  into  the  pit.  The  greater  the  depth 
attained,  the  more  extensive  have  been  the  falls  of  the  shale.  Dur- 
ing the  past  few  years  the  work  of  hoisting  "  blue  "  ground  has  been 
almost  entirely  stopped  for  months  at  a  time,  owing  to  the  great 
masses  of  fallen  reef  which  had  to  be  removed. 

The  amount  of  fallen  reef  which  has  been  removed  under  the  di- 
rection of  the  Mining  Board,*  from  the  commencement  of  work  at 
the  Kimberley  mine  to  the  1st  May,  1883,  was  10,325,989  loads  of 
16  cubic  feet.  It  is  assumed  that  a  load  is  equal  to  10  cubic  feet  of 
rock  in  place,  which  would  give  3,824,440  cubic  yards  of  solid 
rock.  The  cost  of  removing  this  amount  of  reef  was  £1,548,358,  or 
about  three  shillings  per  load,  or  8s. Hd.  per  cubic  yard.  In  1883, 
the  number  of  loads  of  reef  removed  was  1,688,914,  at  a  cost  of 
£261,795.  In  1884,  the  amount  was  711,033  loads.  Of  this 
amount,  451,033  loads  were  removed  by  the  Mining  Board  at  a 
cost  of  2s.  3d.  per  load,  and  the  remainder,  260,000  loads,  was 
removed  by  the  claim-holders. 

During  my  first  visit  to  the  diamond  fields,  in  August,  1884,  the 

*  Tlie  Milling  Board  consists  of  nine  claim-liolders,  elected  by  tlie  general  body 
of  claim-owners.  It  has  the  power  of  levying  taxes  upon  the  claims  for  the  purpose  of 
removing  "  reef,"  for  drainage  and  for  the  general  good  of  the  mine. 
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shale  on  tlie  northwest  side  of  the  mine  was  moving,  and  a  great 
fall  or  snbsidence  was  daily  expected.  This  oocnrred  September 
9th,  anil  completely  buried  a  large  portion  of  the  mine,  and  de- 
stroye<l  a  large  amount  of  machinery.  Underground  works,  which 
had  been  started  in  claim  320,  were  completely  destroyed.  As  soon 
as  the  fallen  reef  had  been  removed  from  a  few  of  the  claims  and 
the  work  of  hoisting  diamond-bearing  material  had  been  commenced, 
another  snbsidence  of  reef  from  the  south  and  southwest  took  place, 
and  buried  the"  blue  "  up  to  the  old  cave  of  September  9th,  leaving 
onlv  a  tew  claims  at  the  east  end  of  the  mine  uncovered. 

The  black  shale,  mentioned  aboye,  is  a  bituminous  shale,  carry- 
ing a  large  percentage  of  iron  sulphurets.  It  burns  in  the  mine, 
when  set  on  fire.  Specimens  of  both  the  burnt  and  unburnt  shale, 
after  being  packed  up  for  several  months,  Mere  covered  with  small 
crystals  of  alum. 

De.'fcription  of  the  "Blue^'  Ground. — The  demantiferous  or  "blue" 
ground  is  a  hard,  dark,  greenish-blue  cement,  which  requires  to  be 
blaste<I  with  dynamite.  It  might  properly  be  called  a  brecciated 
rock  or  cement,  since  the  mass  is  composed  of  angular  pieces  of  black 
shale,  irregular  pieces  of  mica  and  several  more  or  less  decomposed 
minerals,  all  imbedded  in  a  mass  of  indurated  talc,  or  rock  of  that 
nature. 

Large  masses  of  "  floating  "  shale  or  reef  are  found  imbedded  in 
the  "  blue,"  also  basaltic  boulders  from  one  foot  to  many  feet  in  di- 
ameter. These  are,  without  doubt,  portions  of  the  rock  which  sur- 
rounded the  opening  or  crater  before  the  deposit  of  the  "  blue"  was 
made. 

I  am  of  opinion  that  the  formation  of  the  diamond-bearing  depos- 
its was  due  to  aqueous  rather  than  igneous  agencies — possibly  to 
something  in  the  nature  of  mud-volcanoes.  My  reasons  for  this 
belief  are,  first,  the  physical  appearance  of  the  mass  of  diamond- 
bearing  ground,  and,  second,  the  existence  of  the  diamonds  them- 
selves, the  presence  of  which  seems  more  natural  in  an  aqueous  than 
in  an  igneous  deposit. 

That  the  masses  of  demantiferous  material  occupy  the  craters  of 
former  volcanoes,  there  is  but  little  doubt. 

In  whatever  manner  the  diamonds  may  have  been  formed,  they 
must  have  been  crystallized  before  they  were  deposited  in  the  mass 
in  which  they  now  occur.  No  diamonds  have  been  found  either  in 
the  shale  or  in  the  hard  rock  surrounding  the  "  blue,"  as  might  be 
expected  if  the  diamonds  had  crystallized  where  they  are  found. 
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Again,  a  great  many  fragments  of  broken  diamonds  are  found,  and 
the  corresponding  pieces  are  not  found  near  them,  showing  that  they 
are  not  in  their  original  position. 

One  fact  deserves  special  mention,  namely ;  the  variety  of  diamonds 
not  only  in  different  mines,  but  in  different  parts  of  the  same  mine. 
It  requires  no  great  skill  to  determine  from  which  place  a  lot  of 
stones  have  been  taken.  The  peculiarities  consist  in  color,  size,  crys- 
tallization, black  spots  in  the  crystals,  and  the  amount  of  broken  or 
irregularly  shaped  pieces,  called  'M)ort." 

In  one  part  of  the  mine  the  stones  are  perfect  octahedrons,  while 
in  another  part  the  crystallization  is  more  imperfect;  in  one  part, 
the  stones  will  be  white  while  in  another  the  majority  of  stones  will 
be  yellow. 

The  original  system  of  mining  the  Kimberley  ground,  namely  by 
open  quarry,  was  without  doubt  the  best  for  a  depth  of  say  200  feet, 
because  the  mine  could  have  been  worked  in  no  other  way  while  the 
claims  were  operated  by  individual  owners.  But  as  soon  as  a  greater 
depth  was  attained,  the  removal  of  the  surrounding  "reef"  and  the 
almost  constant  covering  up  of  some  part  of  the  mine  with  fallen 
reef,  rendered  the  cost  of  mining  very  great  and  also  prevented  the 
mining  of  the  "blue"  for  months  at  a  time  in  the  covered  parts 
of  the   mine. 

Two  methods  are  now  advocated,  for  working  the  mine.  Many 
cling  with  pertinacity  to  the  old  open-mine  method,  and  advocate 
the  removal  of  the  shale  to  an  angle  of  safety,  so  that  it  would  be 
impossible  for  it  to  cave  into  the  mine.  The  friends  of  this  method 
are  relying  upon  the  hard  rock  remaining  in  place,  when  exposed 
for  several  hundred  feet  in  depth.  The  enormous  quantity  of  shale 
(4,679,000  cubic  yards)  to  be  removed  makes  this  method  too  expen- 
sive; and  besides,  sooner  or  later  the  hard  rock  would  give  way  and 
the  mine  be  filled  with  huge  masses  of  exceedingly  hard  rock.  The 
cost  of  removing  this,  should  it  fall  into  the  mine,  would  be  very 
great. 

The  other  method  of  working  the  mine  is  by  sinking  shafts,  in 
the  solid  ground  outsi<le  of  the  mine,  and  drifting  to  the  "blue" 
ground.  The  "  blue"  ground  could  then  be  mined  by  drifting  and 
stoping.  The  greatest  difficulty  in  the  way  of  close  mining  is  the 
scarcity  of  timber.  All  timbers  and  other  lumber  have  to  be  brought 
from  the  Baltic  or  from  America. 

The  ground  must  therefore  he  mined  with  the  use  of  as  few  timbers 
as  possible.      Fig.  2  shows  three  shafts  which  were   sunk  origi- 
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nally  to  the  hard  rock  for  the  removal  of  reef.  Two  of  these  shafts, 
namely  the  Central  ami  French  Co.'s  (Section,  Fig.  3),  arc  being 
ctMitinueil  into  the  hanl  roek,  ami  drifts  will  he  run  to  the  "blue" 
ground.  The  east  of  sinking  these  shafts  has  been  very  great,  owing 
to  the  extreme  hardness  of  the  roek.  In  my  judgment  incline  shafts 
would  be  much  ciieaper.  The  inclines  could  be  commenced  at  the 
point  where  the  vertical  shafts  cut  the  hard  rock  and  could  be  run 
with  the  view  of  striking  the  diamond-bearing  rock  at  a  depth  of 
600  or  700  feet. 

At  the  time  of  my  last  visit  to  the  Kimberley  mine  in  August, 
1885,  nearlv  all  the  fallen  debris  of  the  previous  year  had  been 
remove<t  and  seven  shafts  had  been  sunk  in  the  bottom  of  the  mine. 
"  Blue  "  ground  was  being  hoisted  at  the  several  shafts  and  sent  to  the 
surface  on  aerial  trams.  Several  methods  of  underground  mining 
were  in  use,  only  one  or  two  of  which  deserve  notice.  At  Hall  &. 
Co.'s  mine,  the  ''blue"  is  mined  as  follows:  From  the  main  shaft, 
a  drift  is  run  through  a  piece  of  ground.  Every  thirty  feet  a  stope 
or  breast  is  started  on  either  side  of  the  main  drift.  These  stopes 
are  18  feet  wide,  leaving  pillars  12  feet  thick.  The  stope  is  car- 
ried up  40  feet  above  the  floor  of  the  main  drift,  leaving  10  feet 
between  the  top  of  the  stope  and  the  floor  of  the  stoped  gallery  above 
it.*  After  two  or  three  levels  have  been  worked  out,  small  drifts 
will  be  run  through  the  centers  of  the  pillars,  and  a  portion  of  them 
will  be  stoped  out.  When  ti)e  pillars  have  been  so  much  weakened 
as  to  be  unsafe  for  further  working,  they  will  be  blasted  and  the 
whole  superincumbent  mass  caused  to  cave  on  the  solid  ground  be- 
low. When  sufficient  time  has  been  allowed  for  the  broken  ground 
to  become  settled, drifts  will  be  run  through  itandthe"  blue"  ground 
extracted.  In  another  part  of  the  mine  the  stopes  are  filled  with 
debris  from  the  surface  as  fast  as  the  blue  ground  is  removed. 

Any  method  of  mining  by  sinking  shafls  in  the  bottom  of  the  pit 
is  very  precarious,  owing  to  the  fact  that  a  subsidence  of  reef  may 
occur  at  any  time  and  all  the  works  may  be  buried  underneath  a 
mass  of  debris. 

Depth  of  the  Blue  Deposit. — The  depth  of  the  diamond-bearing 
deposit  is  wholly  unknown,  nor  has  any  attempt  been  made  to  test 
it  l)y  boring  or  drilling  deep  holes.  As  mentioned  above,  the  mine 
has  been  worked  to  a  depth  f)f  nearly  500  feet  as  an  open  quarry  and 
a  shaft  has  been  sunk   nearly  a  hundred  feet  deeper,  with  no  signs 

*  The  average  cost  of  mining  and  delivering  a  car-load  of  "  blue"  to  the  bottoro 
of  the  main  «haft  is  about  2  shillings  and  6  pence. 
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of  the  diamond-bearing  ground  giving  out.     On   the  contrary,   the 
"blue"  ground  is  richer  than  it  was  nearer  the  surface. 

The  amount  of  water  hoisted  from  the  mine  is  from  11,000,000 
to  13,000,000  gallons  per  annum  at  a  cost  of  six  pence  per  load  of 
100  gallons. 

The  De  Beers  Mine. 

This  mine  is  second  to  the  Kimberley  in  ricliness  and  value,  and 
presents  some  features  worthy  of  mention.  Attention  is  called  to 
the  plan  Fig.  5  and  sections  Figs.  6,  7  and  8.  Figs.  5,  6  and  7 
represent  the  mine  at  the  end  of  the  year  1883,  Fig.  8  represents  the 
mine  at  the  end  of  1882,  and  the  broken  line  in  the  ''blue"  repre- 
sents the  mine  at  the  end  of  1883.  The  depth  oftiie  mine  at  the 
end  of  1883  was  300  feet.  During  the  year  1884  this  depth  was 
increased  to  330  feet.  A  shaft  has  been  sunk  to  a  depth  of  460  feet 
from  the  original  surface. 

The  De  Beers  mine  is  larger  than  the  Kimberley.  It  contains 
610  claims,  covering  about  13|  acres.  The  value  of  the  De  Beers 
"blue"  ground  is  below  that  of  the  Kimberley.  For  the  relative 
value  of  the  "blue"  in  the  several  mines  see  Table  I.,  below. 

One  of  the  peculiaritie-i  of  the  De  Beers  mine  is  the  large  mass  of 
floating  shale  in  the  centre  of  the  mine.  This  mine  differs  froui  the 
Kimberley  in  that  basaltic  rock  appears  on  the  surface  and  nearly 
surrounds  the  mine.  The  two  concentric  rings  of  igneous  rock, 
shown  on  Fig.  5  by  the  heavy  broken  lines,  come  up  through  the 
"  blue  ffround."  This  rock  is  from  one  to  three  feet  thick  and  was 
thrown  up  after  the  diamond-bearing  material  was  deposited. 

The  Kimberley  and  De  Beers  mines  are  similar  in  many  respects. 
The  characteristics  of  the  "blue  ground "  are  the  same  in  both. 
Both  are  surrounded  by  yellow  and  black  shale;  but  in  the  latter 
mine  this  does  not  appeat  on  the  surface  except  on  the  south  side. 
Section  F,  Fig.  7,  shows  the  same  hard  rock  as  that  which  surrounds 
the  Kimberley  deposit.  The  nature  and  position  of  this  rock  were 
determined  by  a  test-shaft  sunk  for  that  purpose.  On  the  west  end 
the  diamond-bearing  yellow  ground  covers  a  large  part  of  the  mine; 
but  it  is  of  too  low  grade  to  pay  cost  of  working.  On  the  west  end 
of  the  Kimberley  mine,  there  is  also  a  low-grade  diamond-bearing 
deposit. 

In  the  De  Beers  mine,  the  value  of  the  "blue"  ground  has  in- 
creased very  much  in  depth.  The  average  yield  of  a  load  of  "  blue  " 
ground    near   the  surface    was   only   four-tenths   of  a  carat,  while 
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during  the  past  year  the  yield   has  been  eight-tenths  of  a   carat 
per  load. 

The  amount  of  water  pumped  from  this  mine  during  the  year 
1884  was  8,000,000  gallons,  at  a  total  cost  of  £8000,  being  two 
shillings  per  100  gallons. 

Other  Mines. 

The  Du  Toit's  Pan  mine  lies  southeast  of  the  De  Beers  mine  and 
contains  1453  claims  of  31  feet  square  each,  equal  to  about  32  acres. 
The  yield  of  the  ground  per  load  is  ^y^  of  a  carat,  value  7s.  5d. 
This  mine  is  worked  with  little  or  no  profit,  in  fact,  it  was  claimed 
at  Kimberley,  that  both  the  Du  Toit's  Pan  and  Bultfontein  mines 
were  producing  diamonds  at  a  loss  to  the  companies. 

The  Bultfontein  mine  lies  to  the  south  of  the  Du  Toit's  Pan. 
There  are  1003  claims  in  tiie  mines,  covering  about  23  acres.  The 
yield  of  the  "  blue  "  per  load  is  jVo  o^  ^  carat,  value,  5s.  6d. 

Operations  and  A^ a  lues. 

3Iethod  of  Saving  the  Diamonds. — The  "  blue"  ground  is  hoisted 
to  the  surface  and  hauled  out  to  the  "  floors,"  where  it  is  spread  out 
to  a  depth  of  about  one  foot.  It  lies  there  for  several  months,  being 
wet  from  time  to  time  by  means  of  a  hose  or  sprinklers,  rolled  with 
heavy  rollers  (6  tons),  and  harrowed  in  order  to  assist  the  process  of 
slaking  or  disintegration. 

After  the  "  blue"  has  become  pulverized,  it  is  hauled  to  the  pans 
and  put  tlirough  revolving  screens.  The  fine  stuff  is  put  through 
a  pan,  while  the  coarse  is  sent  back  to  the  floors  to  undergo  further 
slaking.  The  pans  are  of  iron  and  resemble  somewhat  the  agitators 
used  in  silver-mills,  except  that  they  have  a  central  discharge. 
They  are  about  ten  feet  in  diameter. 

The  pidp  is  fed  into  the  outer  edge  of  the  pan  with  sufficient  water 
to  make  it  quite  thin, so  that  the  diamonds  will  settle  to  the  bottom 
of  the  pan.  The  specific  gravity  of  the  diamond  is  a  little  more 
than  3.5,  while  that  of  quartz  is  about  2.6.  The  diamonds  settle  to 
the  bottom,  while  the  matrix,  being  of  less  specific  gravity,  flows 
over  the  inner  side  or  rim  of  the  pan,  and  is  deposited  on  the  waste 
dumps.  The  diamonds,  together  with  the  heavier  parts  of  the  ma- 
trix, are  taken  from  tlie  pans,  j)laced  on  tables,  and  sorted. 

The  following  table  shows  the  ditferent  ways  of  saving  diamonds 
and  the  relative  amount  saved  at  each  place.     The  table  shows  the 
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result  of  working  10,080  loads  of  "  blue  "  from  the  De  Beers  Mining 
Company's  property,  which  is  a  part  of  the  De  Beers  mine: 

Diamonds  found 


Carats. 

in 

excavating,        .... 

16 

opening  ont  loads  on  floors, 

223 

breaking  up     "       "      " 

534 

harrowing  and  watering  floors, 

78 

loading  up  from  floors,     . 

319 

first  sorting  after  washing, 

.     11,424 

second  "          "         " 

.       2,471 

final  sorting  on  percentage. 

209 

s, 

.     15,274 

Total  actual  finds, 

It  is  estimated  that  the  coarse,  cylinder  screenings,  which  were  re- 
deposited  on  the  floors,  amounted  to  nearly  2000  loads,  which  would 
yield,  on  an  average,  2  of  a  carat  per  load. 

This  ground  was  excavated  from  the  underground  galleries  at  a 
depth  of  380  feet  and  from  about  the  center  of  the  claim. 

Circular  Shaft. — About  1000  feet  from  the  north  boundary  of 
the  De  Beers  mine,  a  circular  shaft,  21  feet  in  diameter,  is  being 
sunk  for  the  purpose  of  working  the  mine.  The  method  of  con- 
structing this  shaft  is  certainly  novel.     It  is  described  as  follows: 

"  The  circular  shaft,  of  21  feet  in  diameter,  is  to  be  carried  down 
through  the  75  feet  of  basaltic  rock,  which  lies  near  the  surface. 
From  this  depth  two  shafts,  of  seven  feet  in  diameter,  just  within 
the  periphery  of  the  21-feet  circle,  are  to  be  sunk  220  feet  through 
the  black  shale  to  the  hard  rock,  or  some  300  feet  in  all  from  the 
surface.  A  circular  shaft,  18  feet  in  diameter,  is  to  be  sunk  into 
the  hard  rock.  On  the  hard  rock  as  a  foundation,  the  lining  of  the 
shaft,  upwards  to  the  surface,  is  to  be  built  of  dressed  stone,  reducing 
the  21-feet  diameter  to  18  feet.  The  black  shale  between  the  two 
7-feet  shafts  will  be  picked  away,  as  the  building  of  the  lining  rises 
to  the  surface." 

I  am  at  a  loss  to  know,  why  a  shaft  of  this  description  is  sunk,  in 
preference  to  a  rectangular  shaft  with  compartments.  Its  cost  must 
greatly  exceed  that  of  the  latter,  and  its  usefulness  will  be  much  less. 

Relative  Value  of  Diamonds  from  Various  Parts  of  the  World. — 
It  will  be  seen  from  the  tables  below,  giving  the  value  per  carat  of 
the  diamonds  found  at  Kimberley,  that  the  average  value  per  carat 
is  from  17  to  30  shillings. 

This  includes  the  whole  mass  of  diamonds,  which  contains  a  very 
large  percentage  of  poor  stones  and  "  bort." 

It  will  be  noticed  that  the  river  stones  from   Barklev  West  sell 
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for  a  much  higher  price  per  carat  than  the  mme  stones.  I  have  been 
told  by  diamond-merchants  in  London,  that  the  perfect  stones  of 
South  Africa,  when  cut,  are  as  valuable  as  those  from  Brazil  or  any 
other  country,  and  that  the  best  experts  cannot  tell  the  difference. 
A  brilliant  is  a  brilliant,  and  it  matters  not  whence  it  comes. 

The  diamonds  are  sent  to  England  from  Kimberley  through  the 
mails.  Before  the  completion  of  the  railroad,  the  diamond-mail  left 
Kimberley  once  a  week.  The  average  value  was  about  £60,000. 
The  coach  was  guarded  by  a  mounted  escort  of  three  men. 

Cod  of  Fuel. — The  cost  of  fuel  has  been  at  all  times  very  great. 
The  Boers  bring  the  wood  a  distance  of  100  miles  or  more,  and  the 
price  has  been  as  high  as  £30  per  load  of  less  than  two  cords.  The 
prices  of  wood  and  coal  during  1885  were  as  follows: 

Kameelthorn  wood,  3s.  6d.  per  100  pounds. 

Olive  wood,  9s.  per  100  pounds. 

AVelsh  steam-coal,  £11  per  ton,  delivered  at  the  fields. 

This  included  the  cost  of  transportation,  nearly  100  miles  on 
wagons.  During  the  present  year,  the  railroad  has  been  completed 
to  Kimberley,  and  the  cost  of  all  supplies  will  be  greatly  reduced. 

River  Digging  at  Barkley. — The  river  diggings  mentioned  in  the 
first  part  of  this  paper  are  still  worked.  The  monthly  yield  of 
diamonds  is  from  2500  to  3500  carats,  valued  at  £2  to  £2  10s.  per 
carat.  The  diamonds  are  found  in  strata  of  gravel  along  the  Vaal 
river.  Shafts  are  sunk  to  the  pay-stratum,  which  is  drifted  and 
washed.     These  mines  are  worked  with  little  or  no  profit. 

lUicit  Diamond  Buying. — In  the  Cape  Colony,  the  buying  and 
selling  of  diamonds  is  regulated  by  statute,  which  provides  that  all 
])ersons,  buying  or  selling  diamonds,  must  take  out  a  license,  and 
all  diamonds  sold  must  be  registered. 

It  also  provides  for  the  severe  punishment  of  persons  found  vio- 
lating the  law.  Notwithstanding  the  stringency  of  the  law,  and  the 
existence  of  a  large  detective  force,  there  is  an  extensive  illicit  trade 
in  diamonds.  It  is  the  result  of  the  production  of  diamonds  on  so 
large  a  scale,  and  the  many  opportunities  offered  for  stealing. 

The  white  overseers,  as  well  as  the  natives,  must  j)ass  through 
the  searching-houses  as  they  leave  the  mine.  The  natives  resort  to 
all  imaginable  devices  for  concealing  diamonds,  and,  in  spite  of  the 
searchers,  get  away  with  many  stones.  The  most  common,  and  I 
might  add  the  most  successful,  method  is  swallowing  the  diamonds. 
It  is  said  that  a  Kafir  will  swallow  sixty  carats  of  diamonds. 

The  detectives  employ  "  trap  "  negroes  or  natives,  to  whom  stones 
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are  given  to  sell  to  the ''  I.  D.  Bs."  (Illicit  Diamond  Buyers)  for  the 
purpose  of  detecting  and  convicting  them.  Of  late,  there  has  been 
an  innovation  in  the  illicit  diamond  business.  Rough  diamond- 
shaped  stones  are  made  of  "  paste,"  and  sent  out  from  Europe  to 
dealers  at  the  fields.  These  are  sold  to  the  natives,  who  offer  them 
for  sale  as  genuine  diamonds.  It  was  a  very  clever  device,  a  repro- 
duction, as  it  were,  of  the  wooden-nutmeg  business,  but  was  success- 
ful for  a  short  time  only. 

It  is  estimated  by  the  Government  officials  at  Kimberley,  that 
one-quarter  of  the  whole  product  of  diamonds  is  stolen,  and  reaches 
the  market  through  illicit  channels. 

The  percentage  of  diamonds  stolen  is,  no  doubt,  very  great;  but, 
I  think,  the  above  estimate  is  entirely  too  high.  My  reason  for 
this  opinion  is  based  on  the  result  of  working  the  30,080  loads  men- 
tioned above. 

This  test  was,  doubtless,  made  with  great  care,  and  the  loss  of 
diamonds  by  stealing  was,  presumably,  very  small,  as  the  yield  per 
load  is  above  the  average  from  this  mine.  Ninety  per  c^w^.  ofthe 
diamonds  were  found  in  the  first  and  second  sorting  after  washing. 

It  is  claimed  that  the  greatest  amount  of  stealing  is  done  on  the 
floors,  but,  as  only  1^  per  cent,  of  the  diamonds  recovered  were 
from  the  floors,  it  seems  to  me  that  the  percentage  of  loss  given 
above  is  too  high. 

Tramways. — There  are  170  miles  of  tramways  in  and  about  the 
mines  and  floors.     The  gauge  is  eighteen  inches. 

Values  and  Prices. — For  many  years,  the  total  value  of  the  dia- 
monds produced  was  about  two  millions  pounds  sterling  per  annum. 
About  three-quarters  of  this  amount  was  from  the  Kimberley  mine 
alone. 

Since  1883,  the  product  of  diamonds  in  the  Kimberley  mine  has 
fallen  off,  owing  to  the  frequent  subsidence  of  "  reef,"  while  the 
product  of  the  other  mines  has  increased.  The  relative  amounts 
produced  during  the  years  1883  and  1884,  may  be  seen  in  Table  IV. 
below,  together  with  partial  returns  for  1885. 

A  summary  of  the  De  Beers  Mining  Company's  report  for  the 
year  ending  March  31st,  1886,  will  be  found  in  Tables  VII.,  VIII. 
and  IX.  This  is  the  report  of  the  most  prosperous  company  in  the 
De  Beers  mine,  and  presents  many  interesting  facts. 

It  is  impossible  to  foretell  the  result  of  the  production  of  so  large 
an  amount  of  diamonds. 

It  is  claimed  that  the  diamond-markets  of  the  world  will  absorb 
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an  annual  production  of  fifteen  million  dollars'  worth  of  diamonds, 
without  any  material  fall  in  price.  The  annual  production  of  the 
Kimherlev  mines  has  been  from  ten  to  fifteen  million  dollars' worth 
for  the  past  fifteen  years. 

The  price  of  diamonds  has  been  considerably  reduced,  but  perfect 
stones  of  moderate  size  still  bring  large  prices. 

Siiould  there  be  any  great  depreciation  in  the  value  of  Kimber- 
ley  diamonds,  the  two  mines,  Du  Toit's  Pan  and  Bultfontein,  will 
be  shut  down,  thus  greatly  diminishing  the  output.  A  consolida- 
tion of  all  the  claims  in  the  Kimberley  and  De  Beers  mines  has 
been  under  consideration  for  some  time.  When  this  is  accomplished 
the  j)rices  of  diamonds  will  be  regulated. 

There  is  no  doubt  that  the  diamond-bearing  deposits  will  be 
found  to  extend  downwards  to  great  depths,  but,  with  greater  depth 
will  come  additional  cost  of  production,  which  may,  in  turn,  be 
overcome  by  the  increase  in  the  quantity  of  diamonds  per  cubic 
yard. 

The  future  success  of  the  Kimberley  mines  depends  upon  the 
adoption  of  a  systematic  and  economic  plan  of  underground  mining 
throujih  shafts,  sunk  outside  the  disturbed  area. 

When  the  mines  are  opened  under  such  a  system,  the  output  of 
diamond-bearing  ground  will  be  regular  and  continuous  for  many 
years,  if  not  for  many  decades,  and  the  net  returns  will  greatly  ex- 
eeetl  those  of  the  present  system  of  working. 


Table  I. — Showing  the  Average  Yield  of  " Blue" per  car-load 
(16  cubic  feet). 


Kame  of  Mine. 


Weight  in  Carats. 


Money  Value. 


Kimherlev 

De  Beer's'. 

Dii  Toit's  Pan 
Bultfontein.... 


1.42* 
.40* 
.27 
.24 


£  s.  d. 

1  8  10 

0  9  1 

0  7  G 

0  5  6 


Table  II. — Showing  the  Nuraher  and  the  Assessed  Value  of  Claims 

in  1882.t 


Name  of  Mine. 

Number  of  Claims. 

Number  of  Owners. 

Value  per  Claim. 

Kimherlev 

De  Beer's. 

410 

610 

1453 

1003 

22 
21 
37 
37 

£ 

12,000 

5,000 

2,000 

1,000 

1     Du  Toit's  Pan 

Bultfontein 

•  Increased  to.80  in  1885. 


t  Total  assessed  value  of  the  four  mines  £12,000,000. 
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Table  III. — Showing  the  Number  of  Workmen  employed. 


Kame  of  Mine. 

From  1877  to  1882. 

Average  for  1881. 

Whites. 

Kafirs. 

Whites. 

Kafirs. 

Kiiiiberlev 

800 

290)  i. 

1,100  \  1 

570  j  £ 

5,000 
2,000* 
8,000 
4,000 

300 
250 
650 
500 

1,500 

1.700 
3,200 
2,300 

De  Beer's 

Dn  Toil's  Pan 

Bull  foil  tein 

2,760 

19,000 

1,700 

8,700 

Table  IV. — Showing  Quantity  of  "  Blue  "  hoisted,  and  Value  of 
same;  also  amount  of  Reef  and  Water  hoisted. 


No.  loads  "  blue  "  \ 

Date. 

Kimberley. 

De  Beer's. 

Du  Toil's  Pan. 

Bultfontein. 

1883 
1884 
1885 

350,000 
310,000 
360,000 

700,000 
880,000 
650,000 

1,893,792 
2,019,498 

2,103,475 
1,242,781 

Diamonds     recov-  ( 
ered — carats \ 

1883 
1884 
1885 

947,817J 
642,4371 
523,771  J 

426,7281 
497,5961 
566,234^ 

511,323 
498,550 

604,834 
566,200 

Value  of  diamonds  I 

1883 
1884 

£1,044,000 
634,406 

£469,400t 
592,968 

£708,199 
760,218 

£581,377 
588,465 

Amount     of     reef 
hauled  —  cubic  ( 

yards \ 

•                             [ 

1882 
1883 
1884 

1,700,000 

1,000,837 

421,353 

71,847 
123,667 

20,000 

23,000 

Gallons  of  water...  < 

1883 
1884 

10,688,000 
13,247,742f 

10,950,000 
8,000,000 

Cost     of    hoisting  , 
water < 

1883 
1884 

£2.672 
3,312 

£10,800 
8,100 

Table  V. — Showing  Machinery  in  position  at  the  end  of  1884. 


Date,  December,  1884. 

Kimberley. 

De  Beer's. 

Du  Toil's 
Pan. 

Bultfontein. 

No.  engines  driving  hauling  gears.. 
Nominal  horse-power 

37 

593 
21 

180 
23 

242 

24 

339 
22 

186 
15 

114 

51 

670 
44 

467 
27 

129 

32 

384 
30 

273 

10 

57 

No. engines  driving  wasliing  gears. 
Nominal  horse-power 

No.  pumping  and  other  engines... 
Nominal  horse- j)ower 

Total  No.  engines  at  each  mine.. 
Nominal  horse-power 

81 

1015 

61 

639 

122 

1266 

72 

714 

•  Averaged  one  white  for  every  seven  negroes.       t  @  Cd.  per  100  gallons.       %  Estimated. 
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Table  VI. — Shoiring  Xumbcr  of  Persons  anphycd,  and  amoimt 
of  ]\\rkfi/  Wages. 


Date,  1SS3. 

Kiniborloy. 

Do  Beer's. 

Du  Toil's 
Pan. 

Bultfontein. 

Wages  per 
Week. 

Mpchanics 

122 

32 

26 

139 

1,2()3 

33 

68 
223 

2,867 

33 

53 

138 

2,313 

£6  to  £6  10s. 

£6 

£4  10s. 

£1  5s. 

Kngine-d  rivers 

Overseers 

Natives 

155 

142 

2,113 

"' 

Total 

2,532 

1.460 

3,191 

2,537 

Approximate  number ' 
for  18S4. 

Total. 

Wliites 

300 
1,500 

250 
1,700 

650 
3,200 

500 
2,300 

1,700 
8,700 

Natives 

Table  VII. — Summary  of  the  Report  of  the  De  Beers  Mining 
Company  for  year  ending  March  31  s<,  1886. 


Blue  Ground. 

floors  March  31st,  1885 138,318  loads 

[anled  during  year 391,749       " 


Total 530.067  loads. 

Lmount  washed 299,407       " 


slance  on  floors  March  31st,  1886 230,660  loads. 

Amount  of  Wa.ste  Hoistkd. 


loating  reef. 
Iain  "   . 

fallen        "   . 


94,8791  loads. 
6,422|       " 
468,2481       " 


Total 569,551     loads. 

Ldd  "blue,"  as  above 391,749        " 


Grand  total 961,300    loads. 
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Table  VIII. — Showing  Number  of  Loads  hauled  since  the 
formation  of  the  Company. 


Blue. 

1881 

73,642 
99,439 
179,785 
210,146 
338,691 
391,749 

y  Dead  ground. 
J 

1882 

1883 

1884 

1885  

1886 

Total 

1,293,452 

1,491,843  loads. 

Table  IX. — Showing  average  Values  realized  by  the  Company 
and  Cost  of  ^^roduction. 


Date. 

Average  Value. 

Cost  of  Production 
per  Load. 

Per  Carat. 

Per  Load. 

1881 

f     s.     d. 
1     4     1 
1     7     3 
1     1     3 
1     2     5 
1     0     8 
0  16     4J 

f      s.       d. 

0  16     11 

1  1       8 

0  19       \\ 

1  2     10 

0  17       9 

1  1       7 

&      s.     d. 

0     13     2 
0     11     9.^ 

0    10    o' 
0       8     1 

0    8  y, 

1882 

1883 

1884 

1885     

1886 

£ 

Actual  cost  of  mining  bine  ground,  1885-6 140,270 

Cost  of  removing  floating  and  main  reef  and  debris 51,176 

Amount  of  dividend  for  year  ending  March  31st,  1886 121,814 

Eevenue  from  blue  ground 323,499 


s. 

d. 

12 

5 

5 

2 

8 

0 

7 

2 

Table  X. — Showing  amount  of  Diamonds  produced  from 
all  the  Kimberley  mines  during  first  six  months  of  1886. 


Date,  1886. 

Number  of  Carats. 

Average  Value 
per  Carat. 

Total  Value. 

January 

236,453 

225, 184^ 

327,542| 

235,535 

273,783 

253,000 

£     s.     d. 
1      1     6i|- 
1     2  11 
1     3     0 
1     1     31 
1     1     2 
1     0  11 

£ 
255,195 
257,966 
376,546 
250,613 
290,612 
268,156 

Mav 

Total 

1,551,497^ 

1     1   10§ 

1,699,088 
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Table  XI. — Showiuff  relaiice  Production  and  Value  per  Carat  during 
month  of  November  for  the  past  four  years. 


Date. 

Number  of  Carats. 

Average  Value 
per  Carat. 

Total  Value. 

November,  1882 

171.599 
153,399 
212.098 
199,642 

£     s.     d. 
1     6     4 
1     6     7^ 
1     3     3V 
0  19     2J 

£ 
226,075 
204.406 
24(5,854 
191,929 

'«          18S3 

«          1884 

"          1885 

li'OTE  ON  THE  OPENING  OF  A   CHILLED  HEAETH  WITH 
THE  COAL-OIL  BLOW-PIPE. 


BY  R.    H.    LEE,  JR.,   LEWISTOWN,    PA. 
(St.  Louis  Meeting,  October,  1886.) 

So  far  a.s  I  am  aware  the  references  to  the  "  kerosene  blow-pipe" 
in  the  Transactions  comprise  only  a  skeptical  opinion  from  Mr. 
"Witherow  (ix.,  70),  and  accounts  of  the  u.se  of  the  blow-pipe  by  Mr. 
AVitherbee  (xiii.,  G75)  and  Mr.  Gayley  (xiv.,  779),  together  with 
brief  remarks  by  Mr.  Weeks  and  Mr.  Kennedy  on  Mr.  Witherbee's 
paper.  The  subject  can  scarcely  be  considered  novel,  in  view  of 
these  references,  yet  it  is  not  so  far  exhausted  that  an  additional 
account  of  the  successful  application  of  the  blow-pipe  would  be  out 
of  place,  especially  if  accompanied  with  some  new  details  and  a 
drawing  of  the  apparatus  itself,  showing  its  simplicity  and  safety. 

Some  time  ago,  owing  to  a  variety  of  causes,  my  furnace  was 
working  very  badly,  the  troubles  culminating  suddenly  one  morn- 
ing in  a  chilled  hearth,  solid  from  the  bottom  to  the  tuyeres,  with 
the  exception  of  a  narrow  passage-way  from  above  to  the  cinder- 
notch,  which  remained  open.  Through  this  we  continued  to  flush 
and  cast,  with  the  prospect  of  a  long  and  troublesome  siege,  in  work- 
ing down  to  the  iron-notch.  At  the  end  of  two  days  matters  had 
not  greatly  improved,  and  we  seemed  no  nearer  the  desired  result 
than  on  the  morning  of  the  chill,  when,  at  the  suggestion  of  Mr. 
Farrell,  of  Glamorgan,  I  decided  to  use  the  coal-oil  blow-pipe;  the 
intention  being  to  cut  a  hole  from  the  iron-notch  up  to  the  tuyeres, 
and  then  let  the  furnace  melt  out  the  chilled  ma.ss. 

In  four  hours  from  the  time  of  starting,  the  hole  was  made  and 
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air  from  the  tuyeres  was  blowing  out  of  the  iron-notch.  The  blast 
was  kept  blowing  through  for  about  an  hour,  to  melt  out  as  much 
of  the  chill  as  possible;  the  notch  was  then  stopped  with  a  mixture 
of  coal-dust  and  sand,  and  the  furnace  was  started  up.  We  were 
able  after  this  to  keep  the  notch  open  without  any  difficulty,  and  in 
a  short  time  the  entire  hearth  was  melted  out  and  the  furnace  work- 
ing as  usual. 

I  had  occasion  once  afterwards  to  open  with  the  blow-pipe  a  hard 
iron-notch  caused  by  a  leak  in  the  dam.  The  entire  operation 
required  about  an  hour,  saving  both  time  and  labor. 

The  construction  of  the  apparatus  employed  is  shown  in  the 
accompanying  figure.     The  pipe,  A,  a  common   2-inch    gas   pipe, 


^^      /^ 


D         F 

The  Coal-oil  Blow-pipe. 

which  is  connected  with  the  peep-hole  in  the  belly-pipe  at  the  tuyere, 
is  brought  around  opposite  the  iron-notch,  or  wherever  the  blow- 
pipe is  to  be  used,  and  connected  by  an  ell,  B,  to  a  vertical  piece  of 
pipe  say  24  inches  long.  This  lowers  the  nozzle  and  also  enables 
the  nozzle  to  be  moved  through  a  circle  parallel  to  the  ground. 
This  vertical  pipe  is  connected  by  means  of  another  ell  (not  shown 
in  the  drawing)  and  a  sleeve  to  a  tee,  D.  This  permits  the  nozzle 
not  only  to  be  moved  through  the  circumference  of  a  circle,  but  also 
to  be  raised  or  lowered  at  will.  To  one  of  the  opposite  o})enings  of 
the  tee  is  fixed  a  piece  of  2-inch  gas-pipe  running  to  within  three 
feet  of  the  notch,  and  to  this  is  attached  the  nozzle,  made  of  tlie 
same  pipe  drawn  down  at  the  end  to  a  circle  of  about  one  inch 
diameter.  In  the  other  opening  of  the  tee  is  inserted  the  coal-oil 
pipe,  E,  fitted  by  reducers,  and  having  a  valve,  F,  by  which  to 
regulate  the  flow  of  oil.  This  oil-i»ipe  should  project  two  or  three 
feet  into  the  pipe  from  the  blast-main.     The  best  diameter  for  the 
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coal-oil  pipe  is  J-inch,  although  |-inch  pipe  can  be  used.  The  coal- 
oil  pijH^  K,  is  oonnected  by  an  el],G,  to  anotiier  piece  of  pipe  of  the 
same  size,  in  order  to  change  the  direction  and  avoid  having  to  con- 
nect hose  with  the  pipe  over  the  iron-runner.  On  this  pipe  can  be 
placetl  for  convenience  another  valve  to  shut  off  the  oil.  To  the 
pij>e  is  attached  about  one  hundred  feet  of  |-inch  hose  running  up 
to  the  coal-oil  reservoir,  such  as  a  barrel  or  small  tank.  This  should 
be  placed  on  a  height  sufficient  to  overcome  the  ))ressure  of  the  blast. 

In  starting,  the  nozzle  should  be  [)laced  six  or  eight  inches  from 
the  material  to  be  melted,  and  not  moved  until  it  has  melted  in  two 
or  three  feet,  the  apparatus  seeming  to  work  best  witiiin  this  range. 
Should  it  be  necessary  to  push  the  nozzle  inside  the  furnace,  it  can 
be  covered  with  a  common  3-inch  drain-tile,  which  will  last  as  long 
as  the  pipe  is  not  moved,  but  will  probably  fly  to  pieces  as  soon  as 
any  rough  jar  affects  it.  There  should  also  be  a  space  of  four  or 
five  inches  between  the  nozzle  and  the  bottom  of  the  notch,  to  allow 
the  melted  materials  to  flow  out. 

In  turning  on  the  oil,  tlie  best  plan  is  to  give  a  rather  large  amount 
at  first,  and  then  lessen  it  gradually,  until  the  proportions  of  oil  and 
air  are  right.  This  is  shown  by  the  disappearance  of  all  flame,  and 
by  a  steady,  continuous  screech,  instead  of  a  succession  of  sharp  ex- 
plosions. The  amount  of  oil  consumed  when  the  blow-pipe  is  work- 
ing its  best  is  exceedingly  small.  Merely  loosening  the  regulating 
valve  affords  an  ample  quantity. 


THE  IREEGULABITIES  OF  THE  BLAST-FUENACE  PRO- 
CESS, AND  A  PRACTICAL  WAY  TO  AVOID  THEM. 

BY  EDWARD  WALSH,  JR.,  ST.  LOUIS,  MO. 

(St  Louis  Meeting,  October,  1886.) 

ly  the  early  history  of  the  production  of  metallic  iron  from  the 
native  oxides  or  ores,  success  attended  the  labors  of  the  workman 
according  to  the  care  he  devoted  to  his  work,  and  according  to  the 
degree  of  skill  he  possessed  in  furnishing  the  required  amounts  of 
fuel  and  ores  to  be  acted  upon  by  the  blast  propelled  by  the  bellows, 
trompe,  or  wooden  tub,  and  delivered  into  the  hearths  of  the  Persian, 
bloomery,  or  Catalan  forges.  The  same  skill  may  also  have  been  of 
avail  in  the  use  of  the  lower  forms  of  the  "  Stuck,"  "  Blue,"  or  "  Wolf" 
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oven.    But  when  the  furnace  had  assumed  the  proportions  of  the  blast- 
furnace proper,  the  higher  heats  and  better  reducing  effect  obtained 


Fiff.l. 


NEW  DESIGN  FOR  A  BLAST  FURNACE 

Scale, /i/=l 


necessitated  the  use  of  fluxes  for  the  elimination  of  the  infusible 
impurities  of  the  ores ;  the  larger  capacity  of  the  furnace  placed  the 
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materials  to  be  treated  Ueyoiul  the  immediate  control  of  the  workman, 
and  the  proportion  of  air  furnished  to  the  region  of  action  had  to 
be  varied  with  the  variable  quantities  of  the  solids  delivered  by  the 


furnace  into  this  region.  The  forgeraan's  skill,  therefore,  could  not 
be  applied  to  the  operation  of  the  blast-furnace,  for  the  founder's 
art  embraced  the  art  of  "mixing"  the  materials,  and  of  "  blowing 


422      THE   IRREGULARITIES    OF   THE    BLAST-FURNACE    PROCESS. 

the  furnace,"  rather  than  that  of  "working  the  fires."  The  new 
condition  led  him  into  unexplored  fields,  through  which  he  could 
pass  only  by  long  and  weary  plodding  under  the  guidance  of  slow 
experiment. 


fcfi 


Until  comparatively  recent  years,  blast-furnace  practice  dealt  al- 
most entirely  with  unknown  quantities;  the  plant  was  deficient  in 
design  and  construction,  as  well  as  in  its  appointments;  the  value 
and  properties  of  the  fuel,  and  the  gases  generated  therefrom,  were 
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iU 
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undetermined,  while  the  volume  of  air  required  for  their  proper 
combustion  had  received  but  little  consideration;  unknown  elements 


entered  into  the  composition  of  the  slags,  and  the  very  ores  from 
which  the  metal  was  to  be  produced  were  only  by  continued  ex- 
periment shown  to  be  of  value. 


I 
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The  application  of  the  principles  of  science,  especially  durinp;  the 
last  ten  or  Hfteen  years,  has,  to  all  intents  and  pnrposos,  taken  away 
the  elements  ot  uncertainty  enterinu;  into  the  old  process,  except, 
possibly,  as  to  the  economic  results  to  be  obtained  from  superheating 
the  blast,  the  proper  cubic  capacity  of  the  furnace,  and  the  best 
internal  configuration  to  be  given  to  it.  Little  need  be  said  at 
present  about  superheated  blast,  for  the  best  minds  of  the  profes- 
sion are  anxiously  watching  the  conclusions  to  be  reached  from 
actual  practice.  The  economic  capacity  will  be  in  dispute  until  the 
limit  of  the  diameter  of  the  hearth,  or  the  limit  of  the  diameter  of 
the  tuyere-circle,  has  been  reached.  This  subject  will  not  be  dis- 
cussed here  except  incidentally.  But  with  regard  to  the  shape,  or 
"  lines,"  much  can  be  said  ;  for  the  blast-furnace  is  very  defective 
in  this  respect,  as  attested  by  the  variety  of  forms  heretofore  and 
now  in  use,  by  the  traditions  of  the  practice,  and  by  the  literature 
of  the  subject. 

The  Transactions  of  the  Institute  bear  witness  to  the  prevalence 
of  scaffolds,  causing  irregularities  of  working,  especially  under  the 
conditions  of  modern  American  practice. 

In  1874,  Mr.  Pechin  (ii,,  59)  calls  the  attention  of  the  Institute 
to  the  chilling  of  one  of  the  Lucy  furnaces  at  Pittsburgh,  caused 
(acording  to  the  founder's  opinion)  by  a  change  of  the  ore  charged, 
and  cured  by  a  lucky  mortar-shot  from  the  hearth. 

Mr.  Hartman,  in  1880  (viii.,  404),  says  much  about  scaffolds, 
their  causes,  and  the  usual  remedy  of"  blowing  down." 

Mr.  Witherbee  (ix.,  41,  and  x.,  205)  gives  interesting  accounts  of 
his  treatment  of  Cedar  Point  furnace  when  in  a  scaffolded  condition, 
and  its  restoration  to  normal  work  by  the  use  of  high  explosives, 
and  by  introducing  false  tuyeres  some  eighteen  feet  up.  In  the 
latter  paper,  after  discussing  the  use  of  high  explosives  and  men- 
tioning a  change  from  a  greater  to  lesser  diameter  of  bell,  Mr. 
Witherbee  remarks  regarding  some  wood  found  in  the  furnace : 

"This  wood  was  placed  around  next  to  the  lining  to  protect  it  while  filling  with 
the  bell,  and  was  found  as  placed,  in  a  vertical  position,  strongly  compacted  to- 
gether but  by  no  means  crushed.  It  was  protected  by  a  fine,  dusty,  carbonaceous 
covering  (small  coal  and  coke  in  part),  and,  as  found,  was  not  sealed  up  witii  cin- 
der, though  this  had  passed  over  it  at  some  time,  as  the  cracks  in  the  charcoal  are 
often  found  filled  with  it.  In  thickness  it  was  about  twelve  inches,  as  shown  in  the 
drawing.  The  bosh  as  formed  by  it  and  its  covering  was  thirty-five  feet  from  the 
bottom,  at  which  point  the  bricks  were  first  found  bare.  Tlie  materials  that  passed 
through  this  wooden  bosh  amounted  to  136,159  tons  of  coal,  coke,  ore,  and  stone 
in  two  years,  and  the  best  work  done  by  the  furnace  was  during  this  period." 
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I  quote  this  passage,  because  (as  Mr.  Witherbee  points  out)  it 
seems  to  indicate  that  boshes  suffer  less  from  abrasion  than  from 
fusion  and  chemical  action. 

Mr.  Witherow,  in  1880,  contributed  a  paper  (ix.,  60)  on  the 
removal  of  scaffolds,  in  which  he  cited  the  means  by  which  a  nura- 
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ber  of  furnaces  were  restored  to  work  from  badly  scaffolded  condi- 
tions. 

Mr.  Birkinbine  contributed  at  the  same  meeting  (ix.,  51)  his  first 
paper  on  the  Warwick  furnace,  Pa.,  introducing  the  subject  of 
dirt-troubles,  of  which  so  much  has  been  said  since. 

Mr.  Taylor  (xiii.,  489,  670,  and  xiv.,  88),  JVir.  Gayley  (xiv.,  779), 
and  others,  have  made  reference  to  the  causes  and  remedies  of  scaf- 
folds— notably  the  use  of  the  kerosene  or  coke  blow-pipe. 


k^ 
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I  liave  not  found,  as  a  rule,  that  the  papei*s  of  foreign  technical 
societies  enter  on  this  suhjeet  in  cxfcm^o.  Tiie  foreign  furnaces  are 
not  driven  as  rapidly  as  oui-s,  and  irreguUirities  are  consequently  not 
so  frequent. 

Mr.  Cochrane  read  an  excellent  paper  before  the  British  Institu- 
tion of  Mechanical  Engineei's,  at  the  August  meeting  of  1882,  "  On 
the  Working  of  Blast-furnaces,  with  Special  Reference  to  the  Posi- 
tion of  the  Tuyeres." 

He  more  or  less  agrees  M'ith  Mr.  Hartman  and  others,  in  consid- 
ering that,  towards  the  center  of  the  furnace,  a  more  energetic  action 
is  taking  place  than  towards  the  walls,  and  discusses  the  effect  of 
drawing  back  the  tuyeres,  and  thus  practically  changing  the  interior 
lines. 

Mr  Howson's  able  paper  on  blast-furnace  economy  in  relation  to 
design,  read  at  the  September  (1883)  meeting  of  the  British  Iron 
and  Steel  Institute  {Journal,  1883,  ii.,  585)  bears  directly  on  the 
sul)ject. 

Mr.  Howson  discusses  the  efficacy  of  the  hot-blast,  and  also  the 
deterioration  of  furnaces  by  long  use,  and  adds: 


"I  shall  now,  no  doubt,  be  met  by  those  that  have  been  engaged Jn  the  practical 
anagement  of  furnaces,  who  will  state  that,  in  reality,  the  ironstone  and  lime  are 
not  mixed  with  the  coke  at  the  zone  of  fusion  ;  that,  in  a  properly  working  furnace, 
the  hearth  is  always  full  of  coke,  and  it  is  only  the  slag  and  reduced  iron  whicii  pass 
the  tuyeres.  Well,  that  is  bad  enough,  but  how  about  a  furnace  that  is  working 
improperly?  This  brings  us  to  the  heart  of  the  question,  because  it  is  a  state  of 
affairs  that  not  infrequently  happens.  In  addition  to  the  large  mass  of  melted 
matter  which  is  constantly  passing  before  the  tuyeres,  there  is  often  both  ironstone 
and  lime  in  considerable  quantities  to  be  found  in  the  hearth.  It  is  a  consequence 
of  irregular  working,  and  irregular  working  is  a  consequence  of  scafiblding.  .  .  . 

"Such  being  the  disastrous  effects  of  scaffolds,  we  come  now  to  the  question — 
How  are  they  to  be  prevented  ?  AVe  know  that  they  are,  to  a  certain  extent,  pie- 
vented  from  forming  by  good  materials  and  good  heats,  and,  let  me  add,  good  man- 
agement ;  but  an  accident  may,  at  any  time,  give  rise  to  them,  and,  sooner  or  later, 
they  inevitably  make  their  api)earance.  The  question  is  more  easily  asked  than 
answered,  and  I  can  suggest  nothing  better  than  a  more  accurate  study  of  the  best 
form  of  furnace  than  has  been  hitherto  accorded  to  it.  The  first  thing  to  inquire, 
is,  wjiere  do  these  deposits  commence  to  take  place?  All  experience  tends  to  show 
that  they  begin  to  form  somewhere  on  the  bosh.  If  the  bosh  is  steep,  usually 
higher  up;  if  the  bosh  is  flat,  generally  lower  down.  It  is  where  the  materials 
first  liecome  sticky  and  Irxlge  on  a  shoulder  stupidly  placed  there  to  intercept  them. 
In  spite  of  the  boast  of  this  district  [Cleveland]  that  it  has  been  the  pioneer  in 
modem  bla.st-furnace  constructions,  I  venture  to  say,  that,  as  regards  the  internal 
design  of  furnaces,  it  has  been  from  beginning  to  end  a  rule-of-thumb  business. 
The  upper  part,  it  is  generally  said,  must  widen  out  downwards  in  order  to  allow 
for  the  expansion  of  the  charge.     And  the  lower  part  must  slope  back  at  a  consid- 
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erable  angle  in  order  to  relieve  the  hearth  from  pressure.  This  is  all.  The  fact 
is,  that  tiie  hearth  needs  no  relief  from  pressure  ;  it  relieves  itself;  and  the  more 
easily  the  charge  slips  down,  the  better  the  furnace  works." 

Mr.  Hovvson  also  cites,  as  an  example  of  very  good  working,  the 
Treforest  furnace,  designed  by  Mr.  Menelaus,  and  says,  "  I  believe 
it  to  be  the  best  hitherto  devised."  He  tells  of  the  remarkably  low 
fuel-consumption  of  this  furnace,  and  furnishes  a  drawing  shown  in 
Fig.  21. 

In  the  President's  address,  at  the  October  meeting  of  the  Cleve- 
land Institution  of  Engineers,  1884,  Mr.  Hill  says: 

"There  is  a  great  diversity  of  opinion  as  to  the  proper  shape  of  the  blast-furnace. 
I  cannot  pretend,  this  evening,  to  say  much  upon  this  topic.  I  will,  however,  give 
you  an  account  of  some  experience  of  the  working  of  three  furnaces,  each  85  feet  in 
height  and  20  feet  diameter  of  bosh,  whicli  I  have  under  my  charge  at  Clay  Lane. 
These  furnaces  were  originally  only  70  feet  high,  and,  for  reasons  over  which  I  had 
no  control,  and  against  my  wishes,  were  simply  heightened.  The  full  lines  on  No. 
1  [Fig.  22]  are  the  lines  to  which  they  were  erected.  These  furnaces  were  blown 
in,  one  after  the  other,  and  they,  each  at  about  the  same  space  of  time  after  blowing 
in,  caused  me  trouble.  They  worked  quite  satisfactorily  up  to  the  time  their  make 
had  reached  about  320  tons  per  week.  Wishing  to  make  more,  I  increased  the  size 
of  the  nozzles.  A  few  days  after  this  was  done,  in  each  instance  the  furnaces  com- 
menced to  refuse  taking  the  blast.  I  adopted  every  expedient  in  my  power  to 
get  them  away,  and  managed  to  pull  round  two  of  them,  but  not  without  difficulty. 
The  third  furnace,  from  some  cause  or  another,  was  more  stubborn  than  the  other 
two,  and  for  a  week  we  got  very  little  blast  through  her.  I  tried,  by  freely  blowing 
out  the  coke  through  the  slag-hole,  to  move  her,  and  only  partially  succeeded. 
Then  I  determined  to  carry  on  without  putting  in  any  materials  until  the  contents 
were  down  not  less  than  50  feet  from  the  charging  plates  at  the  top.  Still  the  fur- 
nace did  not  get  away.  I  again  blew  coke  from  the  slag-hole  until  I  was  afraid  I 
should  completely  empty  her.  The  blast  still  not  going  through  her,  I  determined 
to  cut  througii  the  side  of  the  furnace,  and  at  B  [see  Diagram  No.  1,  Fig.  22]  I 
made  a  hole  2  feet  square,  fortunately  hitting  upon  the  part  where  she  had  first 
fastened  herself,  and  found  a  complete  arch  of  hot  coke  mixed  with  pieces  of  lime- 
stone. The  walls  below  were  in  really  good  condition,  and  I  could  see  the  ends  of 
the  coui'ses  of  bricks  on  tiie  opposite  side.  I  also  discovered  that  she  was  nearly 
empty  below  this  point.  Two  and  a  half  trucks  of  coke  were  put  in  through  this 
hole.  I  then,  with  long  bars  l;[-inch  diameter,  worked  through  the  hole  and 
knocked  down  the  materials.  I  had  also  put  another  hole  through  the  side  of  the 
furnace  at  A. 

"  Upon  considering  the  wliole  matter,  after  seeing  her  condition,  I  came  to  the 
conclusion  that  the  quantity  of  blast  was  too  much  for  her  capacity,  and  that  tlie 
angle  of  the  bosh  was  too  steep  (73  degrees),  and  that  the  making  of  No.  3  iron  also 
was  one  of  the  cause?  for  her  behavior. 

"  The  tuyeres  were  placed  7  feet  8  inches  from  nose  to  nose.  The  volume  of 
ascending  gases  being  large  and  not  liaving  room  to  expand,  and  the  temperature 
in  the  furnace  high  up  at  the  time,  the  consequence  was,  that  the  ends  of  the  bricks 
in  the  bosh-lining  came  to  be  in  a  pasty  or  semi-fused  condition.     To  these  the  coke 
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readilv  stuck,  gradually  accnniulatinc  until,  finally,  the  furnace  became  entirely 
choke«l.  Alter  breaking  down  this  obstruction,  I  rtnluoed  the  nozzles,  and  bnnloned 
the  furnace  for  a  lower  quality  of  iron,  and  she  gradually  caine  around  all  right. 
Before  we  blew  her  out  (whidi  we  did  to  restrict  make),  she  had  made  about  400 
tons  |vr  week.  There  is  no  doubt  that  the  furnace  fornicd  hei-self  into  liie  shape  as 
shown  in  the  dotted  lines  on  the  diagram.  Tlie  other  furnaces,  after  the  first  trouble, 
came  round,  without  my  taking  any  such  extreme  measures,  and  are  contiuiiing  to 
make  upwards  of  400  tons  per  week  of  good  gray  iron. 

"The  other  three  furnaces  at  Clay  Lane  are  built  upon  similar  lines  to  that 
shown  on  Diagram  No.  "2  [Fig.  22],  excepting  the  diameter  of  the  hearth,  wiiich  is 
8  feet  6  inches,  instead  of  9  feet,  and  the  top  diameter  under  the  bell  is  19  feet  in- 
stead of  17  feet,  consequently  they  have  greater  cubical  capacity  (25,500  feet). 
These  furnaces  have  worked  well  from  the  first,  and  turn  out  every  week  at  least 
520  tons  each  of  gmid  gray  iron,  and  they  often  make  550  tons.  They  have  six 
tuyeres  equally  divided  around  the  hearth.  ...  If  I  were  to  build  any  more  fur- 
naces, I  shoidd  certainly  build  them  as  shown  in  this  diagram.  I  may  here  state 
that  for  several  years,  the  Clay  Lane  furnaces  had  bells  9  feet  in  diameter.  They 
now  have  bells  11  feet  6  inches,  12  feet  6  inches,  and  13  feet  in  diameter,  respec- 
tively, and  I  must  say  that,  since  they  were  put  in,  12  months  ago,  I  have  not  ob- 
served the  least  advantage  or  disadvantage  gained  or  lost  by  their  substitution  for 
the  9-feet  Ml." 

Citations  might  be  multiplied  indefinitely,  to  show  that  scaifolds 
and  irregularities  are  univer.sally  believed  to  be  connected  with  the 
interior  torrn  of  the  furnace.  Mr.  Taylor's  famous  "no-bosh"  ex- 
peri  tiient  is  an  extreme  expression  of  this  belief,  and  its  result  does  not 
disprove  the  belief.  Another  evidence  of  its  existence  as  the  fruit  of 
e.xperience,  is  the  existing  variety  of  forms.  There  are  some  670  blast 
furnaces  in  the  United  States,  and  I  venture  to  say  that  they  represent 
at  least  500  distinct  and  individual  designs.  The  narrowest  is  6  feet 
at  the  bosh,  and  the  widest  is  22  feet;  the  lowest  is  17  feet  high, 
and  the  tallest  is  86  feet.  I  have  collected,  as  illustrations  of  this 
paper,  a  considerable  number  of  drawings,  showing  the  past  and 
present  practice  at  home  and  abroad.  The  accompanying  figures 
will  explain  themselves,  except  as  to  points  which  I  may  mention 
hereafter,  in  connection  with  some  of  them.  For  Figs.  2,  3,  and  24, 
I  am  indebted  to  my  friend,  Prof,  W.  B.  Potter.  Fig.  4  is  from 
Gruner's  Studies  of  Blast  Furnace  Phenomena  (Translation,  Philadel- 
phia, 1874),  and  Fig.  5  is  from  the  Journal  of  the  Iron  and  Steel 
InstUute  for  1876.* 

From  all  the  evidence,  the  conclusion  is  inevitable  that  the  blast- 
furnace does  not  efficiently  perform  the  duty  demanded  of  it,  chiefly 
for  the  reason  that  it  does  not  furnish  a  constant  supply  of  fuel  to 

*  My  friend  Mr.  William  .Jones,  of  Braddock,  Pa.  (Edgar  Thomson  works),  has 
also  kindly  furnished  me  with  a  number  of  designs  of  modern  furnaces. 
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be  acted  upon  by  a  regularly-measured  volume  of  air  delivered  into 
the  furnace,  by  the  engine,  through  the  tuyeres. 

The  authorities  are  entirely  in   accord  as    to  the  cause  of  the 
deficient  or  intermittent  supply  of  fuel  before  the  tuyeres ;  and  I 
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believe  that  all  furnace-men  will  agree  with  them  in  attributing  it 
to  an  interruption  of  the  downward  delivery  of  the  solids  by  the 
formation  of  adhesions,  scaffolds,  excrescences,  or  some  other  form 
of  obstruction  on  the  boshes  or  furnace- walls. 


I 
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In  the  forms  of  furnaces  heretofore  used,  ami  now  in  use,  it  will 

bo  seen  that  tlie  comlitions  favoring  the  formation  of  such  adiiesions 

to  the  boshes  or  furnace-walls  always  prevail,  and  there  can  be  no 

doubt  that  to  a  greater  or  less  extent  they  are  always  to  be  found  in 

the  furnaces. 

Fig. 11. „ 
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If  they  are  firmly  lodged,  evenly  distributed  in  an  annular  form 
and  not  of  too  great  thickness,  the  furnace  will  deliver  comparatively 
well,  and  will  work  with  some  degree  of  regularity;  but  if,  on  the 
other  hand,  they  insecurely  attach  themselves  to  tb*^  boshes,  if  they 
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accumulate  more  on  one  side  than  on  another,  or  if  they  are  large 
enough  to  impede  the  downward  passage  of  the  required  amount  of 
fuel  for  action  in  the  vicinity  of  the  tuyeres,  then   the  process  will 
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necessarily  be  irregular,  from  local  side-action,  from  slipping  and 
jumj)ing,  or  from  the  worst  condition  that  can  possibly  prevail,  viz. : 
an  oxidizing  action  in  the  lower  zones  of  the  furnace,  where  reducing 
effects  are  absolutely  required. 
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The  authorities  generally  ami  very  properly  locate  the  commence- 
ment of  the  scatVoUl  or  the  lower  )>ortion  of  it  in  the  npjM'r  pm-tion 
of  the  zone  of  fusion.  But  to  locate  it  more  exactly,  it  is  necessary 
to  note  that  these  adhesions  will  commence  to  form  immediately 
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above  the  zoneof  com|>lete  fusion.  They  cannot  occur  lower,  as  the 
temperature  is  sufficiently  high  to  preclude  the  possibility  of  the 
furnace,  in  a  normal  condition  of  working,  containing  anything  but 
intmndescent  fuel  with  drops  or  pellets  of  molten  iron  and  slag  on 
their  way  to  the  crucible. 
VOL  XV. — 28 
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When,  therefore,  tlie  limit  of  the  zone  of  complete  fusion  has  been 
determined,  that  portion  immediately  above  it  should  be  arranged 
to  deliver  the  pasty  or  sticky  materials  regularly,  and  without  any 
possibility  of  interruption. 

Fig.  20. 
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This  can  be  best  accomplished  by  placing  the  bosh  or  widest  di- 
ameter of  the  furnace  entirely  and  safely  within  the  zone  of  complete 
fusion,  and  by  giving  the  walls,  immediately  above  the  top  of  the 
bosh,  an   u|)ward   and    inward    inclination,  so  that   they  will  freely 
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deliver  the  stioky  and  pasty  materials  io  the  incandescent  fuel  con- 
tained within  the  7.one  of  complete  fnsjon. 

If  tht^e  conditions  are  strictly  maintained  in  the  construction  of 
the  blast  fnrnai>e,  the  liahility  of  adhesions  being  formed  on  the  bosh 
or  fnniacv-walls  is  entirelv  avoided,  and  in  consequence  scaffoldings 
with  its  attendant  evils  and  uncertain  results,  will  be  taken  away 
from  tiie  smelting  process. 

Such  a  construction  is  represented  in  the  furnace-design  shown  in 
Fig.  1. 

An  experienced  furnace-man  will  immediately  perceive,  on  exam- 
ination of  the  design,  that  uniform  and  regular  delivery  of  the  solids 
will  be  secured  to  the  top  of  the  bosh  :  his  experience  will  also  indi- 
cate to  him  that  the  top  of  the  bosh  is  placed  well  within  the  zone 
effusion,  for  it  is  not  too  high,  as  in  modern  practice,  with  the  use 
of  steep  boshes  and  wide  hearths,  nor  is  it  removed  horizontally  be- 
yond this  zone  as  in  the  older  practice,  employing  flat  boshes  and 
narrow  hearths  ;  and  he  will  most  likely  conclude  that  the  furnace 
will  work  well,  jirovided  the  fuel  is  not  crushed  on  the  short  bosh, 
and  provided  the  cubical  caj)acity  of  the  furnace  is  not  too  seriously 
curtailed  by  the  shortness  of  the  bosh,  and  the  direction  given  the 
"  lines"  to  secure  constant  delivery. 

The  first  objection  can  be  easily  met  by  a  simple  statement  of  the 
actual  strains  to  which  the  fuel  will  be  subjected. 

The  furnace  from  the  tuyeres  up  will  contain  7631  cubic  feet, 
which,  at  71  lbs.  per  foot  (a  liberal  allowance)  for  the  materials  con- 
tained, will  give  a  total  weight  of  541,801  lbs.  over  the  surfaces  of  the 
bosh  and  hearth  bottom,  which  will  exert  a  pressure  on  those  sur- 
faces of  8.65  lbs.  per  square  inch.  Considering  the  full  weight  to 
repose  on  the  surface  of  the  bosh  alone,  a  strain  of  10.78  lbs.  per 
inch;  if  it  should  be  exerted  downwards  on  the  hearth  and  boshes 
as  they  appear  in  horizontal  projection,  the  strain  will  be  22.08  lbs. 
I>er  square  inch  ;  or  if  the  boshes  are  thought  to  be  an  annular  ring 
of  16  feet  external  and  10  feet  internal  diameter,  the  pressure  to 
which  the  fuel  is  sidijected  will  be  30.71  lbs.  per  square  inch.  It 
would  be  difficult  to  determine  to  which,  exactly,  of  the  strains  the 
fuel  will  be  subjected  (it  is  generally  considered  normal);  at  any 
rate  the  last  mentioned,  viz.,  30.71  lbs.  per  square  inch,  will  be  the 
niaximu?n  strain  that  can  be  exerted  by  the  solids  in  a  furnace  of 
this  design. 

It  will  be  readily  conceded  that  the  fuel   usually  employed  for  a 
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furnace  of  this  size  is  well  able  to  stand  a  strain  largely  in  excess  of 
the  maximum,  without  the  slightest  deterioration. 

In  order  to  answer  the  second  objection  satisfactorily,  it  will  be 
necessary  to  call  attention  to  a  well-known  law  of  physics,  and  to  its 
practical  application  in  the  materials  to  be  treated  in  the  shaft  of  the 
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CLAY  LANE 

Capacity,  16,000  cub.  ft. 


Fig.22. 


No, 2. 

IMPROVED  TYPE 

Capacity,  23,500  cub.  tt. 


CLAY  LANE  FURNACES 

blast  furnace.  In  the  selection  of  iron-ores  to  be  used,  preference 
(others  things  being  equal)  is  always  given  to  porous  or  open-grained 
ores,  as  they  are  said  to  work  free  in  the  furnace,  while  it  is  known 
that  they  require  le.ss  fuel  for  smelting. 

As  the  iron-ores  are  either  porous  when  first  introduced  into  the 
furnace,  or  at  least  become  so  very  soon  afterwards,  when  subjected 
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to  the  hoat,  the  retliu'ini;  influences  and  to  the  action  of  carbon  im- 
pregnation, the  hnv  lor  capiMary  transpiration  of  the  gases  through 
the  pores  of  the  ores  will  apply.     It  is  thus  announced  by  Watts: 

"The  rate  of  transpiration  for  the  same  gas  increases,  cte^er/s 
paribus,  directly  as  tiie  pressure;  in  other  words,  equal  volumes  of 
air,  at  different  densities,  require  times  proportioned  to  the  densities. 
For  examj^le,  a  pint  of  air  of  double  the  density  of  the  atmosphere 
will  pass  through  the  capillary  tube  iu  half  the  time  which  would 
be  required  tor  a  pint  of  air  of  the  natural  density,  under  equal 
propulsive  force. 

*' The  same  uniformity  in  the  results  was  obtained  whether  the 
tubes  were  of  copper  or  of  glass,  or  whether  a  porous  mass  of  stucco 
was  employed,  provided  the  length  of  the  tubes  exceede'd  their 
diameter  in  the  ratio  above  mentioned." 

Though  Mr.  Bell  has  not  called  attention  to  the  fact,  this  law  will 
account  in  a  very  satisfactory  manner  for  the  marked  difl'erence  of 
the  results  obtained  in  a  series  of  his  experiments,  in  which  he  sub- 
jected like  specimens  of  Cleveland  ironstone,  under  the  same  con- 
ditions of  time  and  temperature,  to  tiie  influence  of  pure  carbonic 
oxide  gas. 

*' Tiie  samples"  (Cleveland  ironstone),  says  Mr.  Bell,*  ''sul)mitted 
to  the  action  of  pure  carbonic  oxide  had  been  calcined  to  different 
degrees  of  hardness,  as  a  ready  means  of  obtaining  variations  in 
physical  structure.  The  same  quantities  (2  grams  of  each  speci- 
men) were  placed  simultaneously  in  an  iron  vessel  immersed  in 
melte<l  lead,  and  a  pretty  uniform  temperature,  viz.,  770°  F.  (410° 
C),  was  maintained  for  six  hours.  During  this  time  65  litres  of  tl>e 
gas  were  passed  through  the  apparatus  in  the  first  experiment  and 
213  litres  in  the  second. 

"The  specimens  are  distinguished  by  the  letters  of  the  alphabet, 
*a'  being  the  least  calcined  and  */'  the  most  calcined." 

Slow  Cuerext. 


Oxygen       Carbon       Ratio  of  Carbon 
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Quick  Current. 

Oxygen        Carbon        Ratio  of  Carbon 
removed,    deposited.        depf)sjted  to 
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*  Principles  of  the  Manufacture  of  Iron  and  Steel,  London,  1884,  p.  190. 
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"  It  is  not  of  course  to  be  wondered  at  that  the  amount  of  reduc- 
tion and  weight  of  carbon  deposited  should  be  more  marked  in  the 
rapid  than  in  the  slower  current  of  the  carbonic  oxide;  but  it  hap- 
pens that  not  only  do  the  213  litres  of  resulting  gas  contain  more 
CO^  than  the  65  litres,  but  the  former  was  found  to  contain  more 
CO2  than  the  latter  per  unit  of  volume.  The  composition  of  result- 
ing gases  by  volume  was  as  follows  : 

"When  65  litres  were  passed  over  samples,  in  six  hours 

4.29  CO2  +  95.71  CO  ==  100  vols. 
"When  213  litres  were  passed  over  samples,  in  six  hours 
8.22  CO2  +  91.78  CO  =  100  vols. 

"Other  trials  afforded  similar  results  as  regards  the  much  larger 
amount  of  oxygen  reuioved  and  carbon  de])Osited  the  way  described; 
although  it  did  not  always  happen  that  the  carbonic  acid  (CO2)  in 
the  raj)id  current  was  so  much  in  excess  of  that  in  the  slow  current. 

"On  the  whole,"  continues  Mr.  Bell,  "I  am  inclined  to  the  belief 
that  some  slight  elevation  of  temperature  accompanies  the  rapid 
passage  of  the  gas,  owing  to  a  more  energetic  action  than  takes  place 
with  the  slower  current,  and  that  this  rise  of  temperature  in  its  turn 
has  promoted  chemical  action." 

It  will  be  apparent  that,  in  order  to  induce  the  passage  over  the 
specimens  within  a  given  time  of  the  rapid  current  or  greater  vol- 
ume, a  relatively  greater  density  of  gas  was  required  for  the  rapid 
than  for  the  slower  current. 

Now  regarding  the  practical  application  of  this  law  to  the  ma- 
terials contained  in  the  blast-furnace  shaft,  which  is  generally  con- 
sidered a  mere  receptacle  to  hold  a  quantity  of  materials  in  j)repara- 
tion,  if  it  is  sufficiently  capacious  and  has  considerable  height  it  is 
supposed  to  ansvver  the  purpose  without  regard  to  form.  But,  as 
will  be  seen,  the  lines  of  the  shaft  above  the  zone  of  fusion  will 
affect  the  results. 

The  amount  of  gas  passing  through  a  unit  of  area  of  a  given  zone 
of  the  shaft  per  unit  of  time  (assuming  that  uniform  action  is  taking 
place  in  the  lower  parts)  will  depend  on  the  horizontal  sectional 
area  of  that  zone,  and  the  density  or  pressure  of  the  gases  will  be 
affected  in  an  inverse  ratio  with  this  sectional  area.  Hence  we  may 
conclude  that  the  more  narrow,  within  practical  limits,  the  furnace- 
shaft  is  constructed,  the  more  thorough  and  the  more  energetic  the 
actions  of  reduction  and  carbon-in)pregnation  will  be;  consequently, 
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the  better  the  material:?  will  be  pre{)aretl  to  be  received   in  the  zone 
ot  fusion. 

Fi^r.  23. 


f  Xorth  Chicago. 

'  Capacitu  H,G&4  cvb.ft 


. .'  3c.me  after  2K  years  use. 
jNev:  Desiyn.Ct.lO.'n)  C./t.  / 


AMERICAN   COKE  — 
Scale  Xa-  i 


In  the  above  qualification,  "within  practical  limits"  means  that 
the  re(juirements  of  the  |)rocess  should  not  be  interfered  with  in  any 
way,  viz. :  that  the  materials  .should  be  held  in  the  shaft  in  sufficient 
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quantity  and  for  the  proper  time  to  intercept  useful  heat  and  to  gain 
as  full  effect  as  can  be  practically  obtained  from  the  gases;  also,  that 
the  diameters  should  never  be  reduced  to  where  they  will  cause  the 
blowing-engine  too  much  labor. 

Again,  in  view  of  what  has  been  said  by  various  authorities  con- 
cerning the  more  ra])id  descent  of  a  central  column  of  materials,  the 
manner  of  the  solids  being  wedged  on  the  boshes  by  compression 
from  the  total  weight  of  the  materials  in  the  shaft;  the  occurrence 
of  adhesions  of  semi-fused,  sticky  and  pasty  matter  to  the  walls  by 
which  the  furnace  delivers  the  charges  through  a  vortex  limited  in 
sectional  area  by  the  size  of  the  adhesions  ;  and  the  retention  of  great 
quantities  of  the  stock  alongside  of  the  furnace  walls,  it  is  impos- 
sible to  calculate  what  the  actual  working  capacity  of  the  furnace 
may  be.  That  portion  of  the  furnace  occupied  by  scaffolds,  by 
dust  or  by  inert  stock  is  worse  than  useless;  for  besides  giving  rise 
to  distressing  irregularities,  these  frequently  afford  an  upward  pas- 
sage, through  which  a  considerable  portion  of  the  gases  are  conducted 
to  the  tunnel-head  without  useful  effect. 

It  cannot  therefore  be  said  that  the  furnace  design  shown  in  Fig. 
1  is  too  limited  in  cubical  capacity,  for  all  the  materials  contained 
in  the  furnace  from  wall  to  wall  will  be  in  active  work  under  more 
energetic  chemical  action,  while,  as  will  be  seen,  the  cubical  capacity 
thus  usefully  employed  will  largely  exceed  that  of  many  other 
furnaces. 

To  establish  the  latter  point  comparisons  have  been  instituted  at 
random,  with  several  successful  forms:  thus  in  Fig.  23  one  of  the 
North  Chicago  furnaces  is  compared  with  the  new  design  to  show 
the  application  to  the  American  coke  practice.  In  Fig.  24  Ormesby 
No.  1  and  one  of  the  Clarence  furnaces  are  compared  with  it  to 
illustrate  the  English  coke  practice.  In  Fig.  25  it  is  compared 
with  the  Warwick  to  show  its  application  to  anthracite  practice;  in 
Fig.  26,  Midland  Furnace,  Mo.,  is  used  for  the  American  charcoal 
practice,  and  in  Fig.  27  the  Wrbna  Furnace  is  employed  for  the 
Continental  charcoal  practice. 

Fig.  23  shows  the  new  design,  the  lines  of  the  North  Chicago 
furnace  as  originally  constructed,  and  the  lines  after  having  been 
used  two  and  a  half  years,  making  nearly  100,000  tons  of  pig-metal 
in  this  time.  From  the  diagram  the  difference  in  the  lines  will  be 
readily  ap[)rcciated.  It  will  be  noticed  that  the  original  lines  are 
cut  away  in  the  lower  part  of  the  furnace  and,  as  far  as  the  top  of 
the  bosh  in  the  new  design,  they  very  nearly  conform  with  it;  it 
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will  also  1)0  ohserved  that  whore  the  oriijinal  North  Chicago  lines 
and  th<v?e  of  the  new  desijjn  intersect  each  other  the  furnace  lias  not 
suffered  as  nuich  wear  as  it  has  immediately  above  or  just  below  that 
level,  showincr  that  at  that  level  the  walls  have  been  more  or  less 
protecteil  by  the  adhesions  that  were  doubtless  formed  there.  Above 
the  intersection  the  new  lines  remain  inside  of  the  original  construc- 
tion, and,  in  view  of  what  has  been  explained,  it  will  be  seen  that 
they  cut  ofiT  from  the  furnace  that  portion  in  which  would  be  con- 
tained the  slowly-moving  stock  or  the  inert  stock  held  in  position 
by  wedged  stock  or  scaffolds.  In  other  words,  that  portion  of  the 
fHrnace  usually  occupied  by  scaffolds  and  materials  at  rest  is  cut  off 
by  setting  in  its  stead  a  permanent  and  firmly-laid  firebrick  scaffold 
that  will  remain  in  position  and  will  not  constantly  threaten  the 
process  with  disaster. 

In  Fig.  24  are  shown  the  lines  of  one  of  the  medium-sized  Ormesby 
furnaces  and  one  of  the  Clarence  (considered  by  Mr.  Bell  to  have 
reached  the  economic  limit  of  cubical  capacity),  and,  as  before,  the 
new  design.  I  regret  that  sections  of  these  furnaces  after  having  been 
in  use  are  not  available,  as  a  more  intelligible  comparison  could 
then  be  made.  However,  the  Clarence  furnace  of  12,000  cubic  feet 
capacity  records  results  equal,  if  not  superior,  to  the  Ormesby  of 
33,000,  in  spite  of  the  Ormesby  being  fifteen  feet  higher  than  the 
Clarence,  and  also  in  spite  of  the  Ormesby  employing  more  highly 
superheated  air  for  the  blast.  Now  if  the  only  difference  between 
these  furnaces  (both  are  in  the  Cleveland  district,  using  the  same 
ores,  fluxes,  etc.)  were  that  of  cubical  capacity,  it  is  plain  that  the 
Ormesby  furnace  is  2.75  larger  in  cubical  content  than  is  required. 

The  new  lines  intersect  the  Ormesby  and  Clarence  lines  nearly  at 
the  same  jx)ints,  and  leaving  the  Ormesby  out  of.  the  question,  as 
the  best  perfijrmer  is  taken  for  comparison,  they  take  from  the  Clar- 
ence furnace  2000  cubic  feet,  which  she  can  well  spare,  if  this  space 
is  to  be  occupied  by  a.  fire-brick  scaffold,  as  I  have  above  explained. 

In  Fig.  25  the  Warwick  furnace  is  taken  for  comparison.  This 
furnace  is  unusually  low  and  deserves  great  credit  for  taking  the 
lead  from  her  taller  sisters  of  the  anthracite  region.  The  new  de- 
sign would  enlarge  the  hearth  (by  an  unintentional  coincidence)  to 
the  dimensions  actually  reached  by  use,  and  follows  the  bosh  where 
it  has  been  cut  away  by  two  years'  use.  If  I  remember  correctly, 
the  best  six  months'  work  in  the  previous  history  of  this  furnace  was 
performed  on  these  very  lines.     From  the  top  of  the  bosh  it  enters 
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the  worn  furnace,  and   cuts  off  that   portion  which   has  doubtless 
given  Mr.  Coot  so  much  annoyance  in  the  shape  of  "  dirt-troubles." 


REFERENCE. 
(  Ormcsby  XoX 
~"\  33,CU0  Cubic  feet. 

t  Clarence. 

ha.WO  Cubic  feet 

J  Xeiv  Design  ^ 

n0.m)  Cubic  feet   ENGLISH  COKE 
Scale  Xii-  1 


.    In  Fig.  26  the  new  design  has  been  applied  to  the  charcoal  prac- 
tice of  the  West.     Midland  furnace  is  used  for  comparison,  and  the 
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olil  tnriKU'O  usotl  iinineiliately  after  the  war  is  also  shown.  About 
tl>e  time  tluit  Midlainl  was  erected,  the  coke  furnaces  in  the  vicinity 
of  Pittsburgli  conimenced  to  increase  tlieir  yield  largely  ;  and  the 
projector  of  Midland,  somewhat  in  conformity  to  the  then  successful 
coke  practice,  introduced  the  steep   boshes  and   nearly  cylindrical 


Fig,.25. 


f  Waricick  Furnace.  Pa. 

1  Same,  2  years  in  use. 

(2iew  Design 


AMERICAN  ANTHRACITE 

Scale  >!(,'  1 


shaft.  About  this  same  time  (1871)  several  charcoal  furnaces  were 
built  in  the  West  on  the  same  design.  All  of  them,  including  Mid- 
land, worked  very  unsatisfactorily,  as  they  required  from  125  to  150 
bushels  of  charcoal  to  produce  a  ton  of  iron.  If  ray  memory  does 
not  fail   me,  Midland  was  the  first  to  return  to  the  rapidly  tapering 
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cone  for  shaft.     Iinnuxliately  on  adopting  this  form  of  shaft  and  for 
several  years  thereafter,  Midland  led  the  American  charcoal  practice 

Fig.27. 


r" 


< 


_^_ — 

Wrbna  Furnace 
yew  Design 


^. 


STYRIAN  CHARCOAL 

Scale  }i~l 


with  a  daily  production  of  3o  to  45  tons  of  gray  raetal,  requiring  85 
to  95  liushels  of  charcoal  per  ton.  The  other  furnaces  followed  this 
example  with  similarly,  if  not  equally,  good  results. 
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Mr.  Lee,  president  of  the  Midland  Company,  informs  me  that  his 
furnace  has  worked  well  since  that  time  and  that  it  runs  uniformly, 
excepting  an  occasional  fall  of  dust,  which,  of  course,  causes  irregu- 
lar work  for  a  long  or  short  period,  according  to  the  extent  of  the 
fall.  In  the  comparison  shown  by  Fig.  26  it  is  plain  to  be  seen 
where  these  accumulations  lodge.  If  the  boshes  were  lowered  into 
the  zone  of  complete  fusion,  as  in  the  new  design,  such  accumulations 
could  not  occur. 

Fig.  27  is  the  last  comparison  that  will  be  made.  I  have  taken 
the  diagram  of  the  Wrbna  furnace  from  Mr.  Bell's  work,  from  which 
I  learn  that  the  furnace  is  only  37^  feet  high,  emi)loys  blast  heated 
not  in  excess  of  800°  F.,  and  yet  j)roduces  a  ton  of  iron  on  70  ])er 
cent,  fuel  (1585  pounds  charcoal),  which  is  very  nearly  as  low  as 
any  of  record. 

The  new  lines  have  been  ap})licd,  using  the  same  diameters  of 
Iiearth  and  throat,  with  the  astonishing  result  to  be  readily  seen  on 
inspection  of  the  diagram. 

These  comparisons  show  conclusively  that  the  furnace  represented 
in  the  new  design  has  jwssed  the  experimental  stage.  The  Warwick 
furnace,  from  January,  1880,  to  June,  1880,  performed  better  work 
on  these  very  lines  than  ever  before  in  her  previous  history  ;  N. 
Chicago,  a  short  time  before  being  blown  out,  must  have  worked  on 
them;  and  probably  the  best  work  of  the  blast  was  performed  then. 
The  Styrian  and  Midland  furnaces,  except  for  too  great  height  of 
the  bosh  from  tuyere,  are  surprisingly  similar. 

In  this  connection  attention  may  be  called  to  the  lines  of  the  old 
Wolf  oven,  and  those  of  the  type  of  charcoal  furnace  prevailing 
thirty  or  forty  years  ago  in  the  Noric  Alps.  Diagrams  may  be  found 
in  the  well-known  works  of  Percy  and  Overman.  It  will  be  seen 
that  of  all  forms  of  furnaces  this  type,  derived  from  the  old  AA^olf 
oven,  has  followed  the  march  of  improvement  with  fev/er  alterations 
than  any  other  form  that  has  been  adopted.  It  can  be  seen  in  the 
old  and  new  Austrian  practices;  it  has  been  revived  in  the  Ameri- 
can charcoal  practice,  as  represented  in  Elk  Rapids  and  Midland  ;  it 
was  lost  sight  of  for  years  in  the  coke  practice,  but  within  a  few  years 
has  again  been  used,  as  represented  in  the  English  practice  in  Clar- 
ence and  Edgar  Thomson  "  A  "*  in  the  American  ;  the  Anthra- 
cite practice  had  discarded  it;  but  Warwick  approaches  a  revival  of 
the  old  form. 

*  For  this  furnace,  in  1879,  see  Transactions,  viii.,  ;U9,  and  xiii.,  499.  Fig.  H), 
in  this  paper  shows  its  form  in  1885. 
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Tliough  this  form  of  furnace  lias  always  been  more  economical  of 
fuel  than  other  forms  under  like  conditions,  the  adoption  of  it  has 
Wen  attendeil  with  nearly  the  same  irregularities  as  if  other  forms 
had  been  use(i,  for  the  reason,  as  will  be  readily  perceived  from  in- 
s[>eotion  of  the  diagrams,  that  in  the  old  practice  the  bosh  was  too 
wide  to  have  its  full  surface  in  the  zone  of  complete  fusion,  and  in 
the  newer  adaptation  of  it  the  bosh  is  too  high  to  be  entirely  in- 
cludwl  in  this  zone.  There  is  therefore  a  ledge  of  the  bosh  thus  un- 
ex|K)se<.l  to  the  heating  influences  of  the  zone  of  fusion;  and  this 
portion  of  the  bosh  will  invariably  afford  a  lodgment  for  semi -fused 
matter,  a  place  for  the  arrest  of  solids  wedged  together  by  comju-es- 
sion,  a  shelf  on  which  scaffolds  may  securely  repose;  and  behind 
these  accumulations,  an  upward  passage  for  the  gases  through  mate- 
rials at  rest. 

In  the  new  design,  however,  scaffolds  cannot  occur.  There  will 
therefore  be  a  constant  supply  of  fuel  before  the  tuyeres.  All  the  ma- 
terials to  be  treated  will  be  exjwsed  to  more  energetic  chemical  action 
in  the  shaft;  in  consequence,  the  elements  of  uncertainty  arising  from 
the  internal  config-nration  of  the  blast-furnace  are  thus  removed. 


Discussion. 

James  E.  Mills,  Quincv,  Cal.  (Communication  to  the  Secretary): 
It  is  certainly  desirable  to  avoid  error  in  drawing  conclusions  from 
comparisons  of  results  with  blast-furnaces  of  different  construction  ; 
and  for  this  reason  any  record  cited  should  present  all  the  essential 
conditions  under  which  the  results  were  attained. 

In  Mr.  Walsh's  interesting  paper,  the  experience  at  the  Midland 
charcoal  furnace  is  brought  forward  as  proof  against  the  cylindrical 
form  of  shaft  which  was  adopted  in  the  construction  of  that  furnace. 

Whatever  may  be  the  merits  or  defects  of  such  a  form,  the  trial 
at  Midland  does  not  decide,  or  even  properly  have  weight  in  decid- 
ing, whether  it  be  good  or  bad. 

I  planne<l  the  furnace,  and,  to  secure  the  advantage  of  large  cubic 
contents  with  as  little  height  as  was  consistent  with  the  best  effect 
of  reducing  gases,  made  the  shaft  cylindrical  above  the  bosh.  To 
meet  the  known  difficulty  of  attaining  the  proper  distribution  and 
descent  of  materials  in  a  charcoal  furnace  with  so  large  a  throat,  I 
devised  a  method  of  charging  which  I  believed  would  succeed,  with 
such  minor  modifications  as  experience  should  prove  necessary. 
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Before  the  furnace  was  entirely  finished  I  was  called  out  of  the 
country,  and  was  absent  when  it  was  put  in  blast.  The  charging 
was  done  in  a  way  very  different  from  what  was  contemplated  in 
the  planning  of  the  furnace.  Indeed,  it  was  all  done  from  one  side; 
ore,  coal,  and  flux  were  dumped  into  one  segment  of  tiie  throat. 
Naturally,  there  was  scaffolding  and  cutting  away  on  that  side;  the 
working  vA'as  uneven,  and  the  amount  of  fuel  consumed  excessive; 
the  furnace  soon  became  deformed,  and,  after  a  short  campaign,  was 
put  out  of  blast.  This  was  the  only  trial  with  the  cylindrical  form 
of  shaft.  It  proved  that  a  furnace  of  such  form  would  fail  with 
the  method  of  charging  adopted  ;  but  a  furnace  of  any  other  known 
form  would  fail  with  such  charging. 

The  subsequent  exceptional  performance  of  the  furnace  could 
hardly  have  been  due  entirely  or  principally  to  the  form  adopted, 
for  this  form  was  not  an  unusual  one.  It  was  due  largely  to  the 
hot-blast  apparatus,*  which  was  unlike  that  of  any  other  furnace, 
and  exceptionally  efficient,  and  to  the  great  proportionate  size  and 
power  of  the  blast-engine  and  boilers,  which  were,  at  that  time  at 
least,  unusual. 
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BY  BYRON  W.  CHEEVER,  UNIVERSITY  OF    MICHIGAN,  ANN  ARBOR,  MICH. 

(St.  Louis  Meeting,  October,  1886.) 

Of  the  elements  found  in  iron  and  steel,  none  has  attracted  more 
attention  than  phosphorus.  It  is  considered  the  great  enemy  of  the 
steel  manufacturer,  and  the  chief  aim  has  been  and  is  to  keep  it 
out  by  using  pure  crude  material,  or  when  once  in,  to  eliminate  it 
or  counteract  its  effect.  Its  presence  is  manifested  in  various  ways, 
but  most  of  all  by  producing  a  condition  called  cold-shortness. 
The  first  question,  then,  which  presents  itself  is.  What  per  cent,  of 
phosphorus  produces  this  condition?  I  have  searched  very  care- 
fully for  an  answer  to  this  question,  but  have  failed  to  find  one. 
Authors  generally  agree  that  wrought-iron  may  have  a  larger  per- 

*  Described  in  a  paper  read  before  tlie  Engineers'  Club  of  St.  Louis,  April  5th, 
1876,  and  pnblislied  with  detailed  drawings  in  Van  NoKtrand's  Engineering  Maga- 
zine, August,  1876,  in  the  Engineering  and  Mining  Journal,  August  lyth,  1870,  and 
in  the  Engineer  of  London. 
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rentage  of  phosplionis  than  steel  without  being  cold-short,  but  do 
not  agtxx"  as  to  the  injurious  percentage  tor  euch ;  nor  do  they  agree 
as  to  the  etftvt  which  the  other  elements,  as  manganese,  carbon,  and 
ilieon,  when  present  in  varying  per  cents.,  have  in  modifying  the 
action  of  phosphorus. 

What,  then,  is  the  cause  for  this  diversity  of  opinion? 

It  was  tor  the  purpose  of  answering  this  question,  that  I  com- 
menced a  series  of  experiments  and  analyses,  to  determine  the  state 
or  condition  of  phosphorus  in  iron  ;  and  the  results  obtained  lead 
me  to  conclude  that  phosphorus  exists  in  iron  in  two  (perhaps  more) 
conditions,  namely,  as  phosphide  and  phosphate;  and  that  the  phos- 
phide is  the  injurious  condition,  the  phosphate  being  present  in  the 
form  of  slag. 

While  I  do  not  claim  that  the  results  prove  positively  the  presence 
of  phosphates,  yet,  all  things  taken  into  consideration,  the  proof  is 
as  positive  as  that  upon  which  we  rely  in  other  cases. 

My  attention  was  first  directed  to  a  study  of  the  irons. 

Cast-iron  is  produced,  as  all  know,  in  an  atmosphere  highly  re- 
ducing, and  therefore  we  should  scarcely  expect  to  find  phosphates 
in  it.  As  there  are  no  mechanical  tests  which  will  aid  us,  we  must 
rely  upon  the  analyses,  which  show  only  a  small  percentage  of  phos- 
phate. Wrought-iron,  on  the  other  hand,  is  produced  under  con- 
ditions highly  oxidizing,  more  so,  perhaps,  than  any  other;  it  should, 
therefore,  contain  the  most  phosphate,  which  we  find  to  be  the  case. 

The  presence  of  phosphate,  or  some  other  form  than  phosphide 
(some  inert  form),  may  also  justly  be  inferred  from  the  different  per- 
centages of  phosphorus  given  by  different  authors  as  consistent  with 
good  quality,  as  shown  by  mechanical  tests. 

Karsten  says :  "  Fine  forge-iron  may  have  0.25  to  0.30  per  cent, 
of  ])hosphorus ;  even  0.5  has  been  found  harmless."  Eggertz  says: 
"0.25  to  0.30  phosphorus  renders  wrought-iron  cold-short,  which  is 
lessened  the  longer  it  is  under  the  hammer." 

Here  we  find  that  repeated  forging,  which,  if  it  does  anything  to 
the  impurities,  oxidizes  them,  improves  the  iron.  This  will  perhaps 
aecoimt  for  the  high  phosphorus  allowed  by  Karsten  (0.5). 

Dr.  Dudley  (Transactions,  xiv.,  938)  remarks  that  "  phosphate  of 
iron  is  believed  to  be  a  common  constituent  of  wroug^ht-iron,"  and 
he  cf)nsiders  it  possible  that  the  phosphorus  in  Clapp  Griffith  metal, 
exists  in  the  form  of  phosphate  of  iron. 

A.  L.  Holley  exj)ressed  the  belief  that  0.2  percent,  of  })hosphorus 
is  not  injurious,  but  rather  improves   the  quality  of  wrought-iron, 
VOL.  XV. — 29 
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when  only  0.15  per  cent,  of  silicon  and  0.03  per  cent,  of  carbon  are 
present — conditions  which  we  believe  aid  in  the  formation  of  phos- 
phates. 

Steel,  occupying  an  intermediate  position  between  cast-iron  and 
wrought-iron,  should  have  more  phosphate  than  the  former  and  less 
than  the  latter,  which  we  find  to  be  the  case  except  in  the  Clapp- 
Griffith  metal,  which  has  a  larger  percentage  of  phosphate. 

That  steel  generally  contains  less  phosphate  than  wrought-iron, 
may  properly  be  inferred  from  the  injurious  effect  which  a  smaller 
percentage  of  phosphorus  has  on  the  steel.  It  is  commonly  stated  that 
0.1  per  cent,  in  ordinary  Bessemer  is  as  injurious  as  0.3  in  puddled 
iron,  and  that  the  harder  the  steel  the  more  sensitive  it  is  to  phos- 
phorus. 

Again,  it  is  said  that  cold-shortness  does  not  depend  upon  the 
quantity  of  phosphorus  alone,  but  also  upon  the  manner  of  heating, 
and  the  mechanical  manipulations  which  follow.  "The  amount  of 
injury  done,"  says  Professor  Tunner,  "  by  the  phosphorus,  has  been 
found,  by  experiment,  to  depend  upon  the  manner  in  which  the 
iron  is  made;  puddled  iron  is  least  sensitive  to  it,  malleable  iron 
more  so,  and  Bessemer  steel,  most  of  all."  This  seems  to  confirm 
the  theory  of  the  presence  of  phosphate  of  iron,  which  would  be 
largest  in  the  wrought-iron  and  least  in  the  steel,  on  account  of  the 
mode  of  manufacture,  irrespective  of  the  other  elements  present.  I 
am  of  the  opinion,  however,  that  silicon  and  carbon  perform  an  im- 
portant part,  when  present  in  considerable  quantity,  in  preventing 
the  oxidation  of  the  phosphide  of  iron. 

From  the  above  it  will  be  seen  that  a  given  percentage  of  phos- 
phorus has  a  wide  range  of  action,  from  harmless  to  very  injurious, 
depending  upon  the  mode  of  manufacture  ;  and  that  the  injurious 
effect  is  lessened  by  the  subsequent  treatment  to  which  the  iron  is 
subjected;  hence  the  conclusion,  that  the  phosphorus  is  present  in 
two  conditions,  the  one  injurious,  the  other  harmless  (phosphate)  or 
as  harmless  as  any  enclosed  slag. 

Being  convinced  that  phosphate  of  iron  is  present  in  all  or  nearly 
all  metal,  I  next  gave  my  attention  to  devising  a  method  of  analysis 
which  would  show  this. 

The  method  finally  adopted  is  based  on  the  following  well-known 
facts : 

1st.  That  iron  treated  in  the  cold,  with  a  solution  of  the  double 
chloride  of  copper  and  ammonium,  is  dissolved,  leaving  a  residue  of 
copper,  carbon,  silicon,  phosphorus,  sulphur  and  slag. 
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2d.  Tliat  phosphide  of  iron  is  dissolved  with  difficulty  by  acids  ; 
some  tonus  are  said  to  be  insoluble  in  aoiil. 

3d.  That  phosphate  of  iron  is  soluble  in  dilute  mineral  acid,  or 
even  in  organic  acids. 

Scheme. — A  weighed  sample  of  iron  is  treated  in  the  cold  with 
a  solution  of  the  double  chloride  of  copper  and  ammonium,  until 
the  iron  is  all  dissolved,  then  filtered  without  washing. 

The  residue  of  copper,  carbon,  phosphorus,  etc.,  is  next  digested 
at  50°  C.  for  two  hours,  with  100  c.c.  of  a  saturated  solution  of 
ammonium  o.xalate,  then  filtered  and  washed  ;  the  filtrate  contains 
the  phosphate  of  iron  ;  the  residue  the  phosphide.  Both  solution 
and  residue  may  be  treated  for  jihosphorus,  but  it  is  not  advisable  to 
work  the  residue  on  account  of  the  time  required. 

The  filtrate  is  made  strongly  acid  with  nitric  acid,  then  boiled  for 
half  an  hour,  and  the  precipitated  copper  removed  by  filtration  ; 
then  the  solution  is  evaporated  to  dryness  with  sufficient  nitric  acid 
to  decompose  all  of  the  ammonium  oxalate,  and  the  residue  taken 
up  with  nitric  acid  and  water,  filtered,  if  necessary,  and  the  phos- 
phorus precipitated  with  molybdate  solution. 

On  digesting  the  first  residue  (which  is  known  to  contain  all  of 
the  phosphates),  with  a  saturated  solution  of  ammonium  oxalate,  it 
was  observed  to  remain  neutral  or  slightly  alkaline.  It  was  also 
observed,  that  two  hours'  digestion  removed  all  the  soluble  phos- 
phate, no  more  being  taken  up,  even  though  the  digestion  was  con- 
tinued for  fourteen  hours. 

The  phosphorus  which  is  thus  dissolved  by  the  ammonium  oxalate, 
must  certainly  be  in  a  different  state  or  condition  from  that  which 
remains  in  the  residue.  That  this  soluble  portion,  from  a  chemical 
standpoint,  is  in  the  form  of  phosphate  of  iron,  is,  to  a  certain  extent, 
proved  by  the  fact  that  very  little  is  found  in  pig-iron,  while  a 
large  percentage  is  found  in  wrought-iron,  as  will  be  seen  by  the 
annexed  table  of  analyses. 

As  this  method  takes  too  much  time  for  general  use,  I  have  em- 
ployed the  following,  which,  as  far  as  tried,  gives  good  results,  and 
is  more  rapid. 

The  copper,  carbon,  phosphorus,  etc.,  residue  is  shaken  in  a  flask 
for  five  minutes,  with  75  c.c.  of  a  cold,  one  per  cent,  solution  of 
hydrochloric  acid  (2  c.c.  strong  HCl  to  100  c.c.  HjO — free  from 
chlorine),  then  filtered  and  washed  with  water;  the  filtrate  made 
strongly  acid  with  nitric  acid,  and  evaporated  nearly  to  dryness, 
and  the  phosphorus  precipitated  by  molybdate  solution. 
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By  examining  this  table,  it  will  be  seen  that  the  percentage  of 
phosphate  of  iron  in  each  variety  corresponds  with  the  theory 
advanced. 

Pig-iron  has  very  little  ;  bar-iron  has  a  large  percentage.  In  Bes- 
semer or  pneumatized  metal,  it  increases  as  the  percentage  of  silicon 
decreases  (Bessemer  billet  No.  2,  being  the  only  exception).  The 
opinion  has  often  been  advanced,  in  the  di.scussions  of  the  Clapp- 
Griffith  process,  that  the  qnality  of  the  metal  is  probably  due  to 
low  silicon.  This,  I  believe,  is  true  only  so  far  as  it  indicates  low 
phosphide  of  iron. 

The  bar  of  crucible-steel  shows  what  can  be  done  by  forging,  for 
here  we  would  naturally  expect  low  phosphate.  If  these  results  are 
sustained  by  other  analyses,  and  the  metal  with  a  relatively  high 
phosphate  is  found  to  sustain  the  mechanical  tests,  then  attention 
should  be  directed  to  producing  metal  with  as  much  as  po.ssible  of 
its  phosphorus  oxidized  to  phosphoric  acid. 


Discussion. 

J.  B.  Mackintosh,  Lehigh   University,  South   Bethlehem,  Pa. 
(communicated   to  the  Secretary) :  During  the  past  twelve  months. 
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I  liave  been  invostigatinij:  the  same  suUjeet  as  Profe-s-sor  Clieever, 
alllu)Uirh  I  have  attai-ked  the  prohUMU  in  an  entirely  diflferent 
manner,  ami  the  re.snlts  whioli  I  liave  obtained  are  somewhat 
simihir  to  Win,  thon»;h  I  am  inclined  to  interpret  them  differently. 
In  my  paper  on  a  "  New  Method  for  the  Determination  of  Pho.s- 
phorns  in  Iron  and  Steel,"*  I  showed  that  when  iron  was  dissolved 
iu  hyilroehloric  acid,  the  phosphorus  was  generally  divided  into 
four  portions;  part  was  given  oif  as  phosphuretted  hydrogen,  part 
dissolved  in  the  acid  as  phosphoric  acid,  part  dissolved  as  some  lower 
o.xygen  acid  which  could  be  tran.sformed  into  phos[)h()ric  acid  by 
boiling  with  sulphurous  acid,  and  part  remained  in  the  insoluble 
residue.  In  the  analyses  I  had  made  at  that  time,  the  largest  amount 
of  phosphorus  escaping  in  combination  with  hydrogen  was  5. 07  per 
cent,  of  the  total  quantity  present,  and  I  regarded  this  as  probably 
"  the  product  of  a  secondary  reaction  between  phosphorous  acid  and 
the  nascent  hydrogen  evolved."  Since  then  I  have  worked  on  other 
samples  in  which  the  aniount  of  phosphorus  escaping  as  phosphuret- 
ted hydrogen  is  much  larger,  in  one  case  as  much  as  66.6  per  cent- ; 
and  though  my  experiments  are  not  yet  in  a  complete  form  for  pub- 
lication, as  there  are  other  questions  which  I  wish  to  solve,  still  the 
results  which  I  have,  are  of  such  interest  as  bearing  directly  on  the 
question  of  the  forms  of  phosphorus  that  I  think  it  best  to  give  .some 
of  them  at  this  time. 

The  following  table  shows  the  amount  of  pho.s'phorus  entering  the 
hydrochloric  acid  solution  of  the  iron  as  phosphoric  acid,  and  escaping 
with  the  gas  as  phosphuretted  hydrogen,  in  several  samples  with 
which  I  have  worked. 


Sample. 

1 

Per  rent, 
phosphorus. 

Per  cent,  of  total  phosphorus. 

In  residue. 

Entering  solu- 
tion as  phos- 
phoric acid. 

Escaping  as 

phosphuretted 

hydrogen. 

Bar-iron 

0.124 
0.880 

i;48 
0.055 

fo.'ii's 

(0  105 
0.437 

39.11 

14.17 

37.47 

0.00 

0.00 

98.4 
51.13 
70.86 
55.20 

10"to"20 

25 

2.16 
1.81 
3  28 
62.7 
66.6 

47 
30 

«« 

i( 

Bessemer  steel 

11 

Cast-steel 

1  Iron  nail? 

*  Halifax  meeting,  Sept.  1885,  Trans.,  xiv.,  385. 
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It  is  very  evident  from  these  figures  tliat  the  condition  of  the 
phosphorus  must  be  very  different  in  samples  of  iron,  having  ap- 
proximately the  same  content  of  phosphorus  (as  in  the  bar-iron  and 
cast-steel  samples),  yet,  when  treated  in  an  identical  manner,  giving 
off  such  different  amounts  of  phosphuretted  hydrogen.  Com|)aring 
these  results  with  those  of  Professor  Cheever,  and  assuming  that  our 
like  sam|)les  are  practically  identical  in  nature,  it  will  be  seen  that  in 
bar-iron  Professor  Cheever  finds  76.3  per  cent,  of  phosphorus  as  phos- 
phate, and  I  find  that  98.4  per  cent,  enters  the  solution  as  ))hosphate. 
In  pig-iron  he  finds  from  2  to  5  per  cent,  as  phosphate,  while  I  find 
50  to  70  })er  cent,  entering  the  solution  as  phosphate,  and  more- 
over this  amount  increases  as  the  amount  in  the  insoluble  residue 
decreases,  which  shows  either  that  the  phosj)hate  is  very  insoluble,  or 
else  tJiat  the  'phosphide  of  iron  is  oxidized  lohile  entering  into  solution. 
On  the  other  hand  the  amount  of  })hosphorus  escaping  with  the  hy- 
drogen agrees  closely  with  the  amount  he  finds  present  as  phosphate. 
In  Bessemer  steel  he  finds  from  23  to  48  per  cent,  as  phosphate,  while 
I  find  from  10  to  20  per  cent,  entering  the  solution  as  phosphate  and 
66.Q  per  cent,  escaping  with  the  gas.  In  cast-steel  he  finds  53.7  to 
41.8  per  cent,  as  phosphate,  and  I  find  47  j)er  cent,  escaping  with 
the  gas. 

These  results  are  apparently  very  contradictory,  yet  I  think  they 
may  be  explained  by  the  supposition  that  there  are  present  in  the 
iron  several  phosphides  with  perhaps  some  phosphate.  I  do  not  think 
that  all  the  phosphoric  acid  that  we  find  in  our  solutions  exists 
ready  formed  in  the  iron,  but  that  by  the  chemical  action  taking 
place  during  solution  it  is  produced  from  some  phosphide.  The  two 
experiments  I  quote  on  pig  seem  particularly  instructive  here,  where 
we  see  the  amount  of  j)hosphoric  acid  in  solution  increasing  as  the 
insoluble  residue  diminishes.  We  see  also  that  the  phosphuretted 
hydrogen  is  not  produced  by  the  reduction  of  the  phosphoric  acid, 
or  we  should  expect  to  see  a  large  percentage  with  the  gas  in  the 
case  of  bar-iron. 

The  conclusions  which  at  present  seem  probable  to  me  are,  that 
several  phosphides  of  iron  or  compounds  of  phosphorus  with  other 
elements  are  present,  some  of  which  are  very  insoluble,  some  are 
very  easily  soluble,  some  of  these  in  dissolving  evolve  phosphuretted 
hydrogen  or  form  phosphorous  acid,  while  others  in  dissolving 
form  phosphoric  acid  directly.  These  may  also  be  accompanied  by 
phos])hatcs  which  will  help  to  complicate  the  {>roblem. 

In  the  case  of  pig-iron,  the  amount  of  phosphate  as  determined  by 
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Professor  Clioever  corresponds  so  closely  to  the  amount  escaping  as 
phospliurettotl  hydroijen  in  my  experiments,  that  it  seems  to  me 
probable  that  the  form  of  phosphorus  furnishing  these  amounts  is 
the  same.  If  not,  it  is  certainly  a  wonderful  coincidence.  The 
amount  of  phosphorus  in  Professor  Cheever's  samples  of  pig  and  in 
mine  is  almost  identical,  which  renders  the  comparison  as  fair  a  one 
as  is  possible  with  different  samples. 


TITANIUM  CAB  BIDE  IN  PIO-IBON. 

BY   PORTER   W.  SIIIMER,   E ASTON,  PA. 

(St.  Louis  Meeting,  October,  1S86.) 

On  completing  the  filtration  of  a  solution  of  pig-iron  in  hydro- 
chloric acid,  and  after  apparently  everything  had  been  transferred 
to  the  paper,  a  minute  residue  was  observed  remaining  in  the  angle 
of  the  beaker  in  wiiich  the  solution  had  been  made.  This  residue 
had  a  steel-gray  color  and  metallic  luster  and  was  hard  and  gritty 
when  touched  with  a  glass  rod.  Placed  under  a  microscope  and 
magnified  400  diameters,  the  substance  was  found  to  be  made  up 
almost  entirely  of  opaque  cubical  crystals  with  some  fragments  hav- 
ing the  same  color  and  luster  as  the  cubes.  The  appearance  was 
strikingly  like  that  of  a  collection  of  crystals  of  iron  pyrites. 

The  amount  of  material  obtained  from  ten  to  twenty  grams  of 
borings  by  solution  in  dilute  hydrochloric  acid,  and  careful  decanta- 
tion  from  graphite,  was  barely  sufTicient  for  a  microscopic  slide« 
A  qualitative  test  of  the  minute  amount  of  material  obtained  in  this 
way,  showed  the  presence  of  considerable  titanium.  After  many 
fruitless  trials  by  decantation  and  other  methods,  sufficient  material 
for  quantitative  analysis  was  finally  obtained  in  the  following 
manner: 

Two  hundred  and  fifty  grams  of  the  coarsest  possible  borings 
were  dissolved  in  seven  liters  of  hydrochloric  acid  of  sp.  gr.  1.03. 
A  solution  by  the  aid  of  heat  took  four  to  five  hours.  It  was 
allowed  to  settle,  and  the  clear  solution  poured  off.  Great  care  was 
taken  that  none  of  the  material  which  had  settled  to  the  bottom  was 
lost.  The  graphitic  residue  was  then  completely  transferred  upon 
fine  bolting-cloth,  previ<^)usly  stretched  and  fastened  over  the  top  of 
a  beaker.     All  graphitic  lumps  were  broken  up  by  the  finger  while 
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directing  a  strong  stream  of  water  from  a  wash-bottle  upon  it. 
When  all  but  the  larger  graphite  scales  had  passed  through,  the 
bolting-cloth  was  removed.  This  treatment  separates  the  larger 
particles  of  graphite,  wliich  are  troublesome  in  the  subsequent  sep- 
aration, gives  the  particles  more  nearly  a  uniform  size,  and  sets  free 
many  of  the  minute  crystals  which  are  to  be  separated.  A  magnet 
was  then  moved  about  in  the  liquid  until  all  magnetic  particles  were 
removed.  The  material  thus  separated  from  the  iron  under  experi- 
ment was  found  to  be  interesting,  as  will  be  shown  further  on. 

The  residue  was  allowed  to  settle  into  the  angle  of  the  beaker, 
and  the  liquid  carefully  poured  off.  It  was  then  ready  for  the 
separation. 

An  inclined  plane  of  window-glass  twelve  feet  long  and  five  inches 
wide  was  arranged  in  two  sections,  each  six  feet  long,  placed  end  to 
end.  Narrow  strips  of  glass,  one-half  inch  wide,  were  cemented  to 
the  sides  and  upper  end  of  each  section.  Each  section  was  cemented 
firmly  to  a  perfectly  straigiit  board  about  six  inches  shorter  than 
the  glass.  These  pieces,  with  the  glass  overlapping  about  one  inch, 
were  supported  at  a  convenient  height  above  a  long  table.  For  the 
present  separation  it  was  found  that  a  fall  of  one  inch  in  the  first 
section,  and  one-half  inch  in  the  second,  answered  the  purpose  very 
well.  A  large  beaker  of  distilled  water,  with  siphon  and  stopcock, 
was  placed  at  the  head  of  the  inclined  plane,  and  water  allowed  to 
drop  slowly  upon  it.  By  means  of  a  camel 's-hair  brush,  the  water 
was  directed  in  a  narrow  stream,  about  one  inch  wide,  throughout 
the  whole  length  of  the  plane.  Where  the  glass  overlapped,  a  short 
glass  rod  was  placed  to  lead  the  water  to  the  lower  section.  At  the 
end,  the  water  was  led  into  a  beaker  by  means  of  a  long  glass  rod. 
The  graphitic  residue  was  then  transferred  to  the  head  of  the  inclined 
plane  with  as  little  water  as  possible,  and  water  allowed  to  drop 
slowly  frotn  the  siphon. 

The  water  at  once  begins  to  carry  off  the  lighter  and  finer  particles. 
It  is  necessary  to  keep  tapping  the  residue  with  some  convenient 
object,  such  as  a  platinum  spatula,  so  as  to  prevent  any  graphite 
from  being  retained  by  the  heavier  crystals,  and  to  keep  the  current 
flowing  evenly  over  the  whole  residue.  The  separation  soon  be- 
comes apparent,  the  graphite  being  carried  forward  faster  than  the 
heavier  crystals. 

At  this  stage  it  is  necessary  to  remove  with  a  magnet  any  remain- 
ing magnetic  particles,  since  these  interfere  with  the  separation. 
When,  after  three  or  four  hours,  all  the  graphite  had  been  washed 
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from  tlie  inclineil  plane,  tlio  water  was  drained  off  and  the  residne 
allowed  to  dry.  When  dry,  it  fornied  a  stream  of  bright  metallic 
luster  throughout  the  whole  length  of  the  [)lane.  The  material  was 
then  swept  together  and  treated  in  a  beaker  with  hot  hydrochloric 
acid  of  sp.  gr.  1.1*2,  for  the  removal  of  a  little  iron.  It  was  then 
again  place<l  upon  one  of  the  sections  of  the  inclined  plane,  and  any 
remaining  graphite  separated  from  it.  This  second  separation  is 
not  nearly  so  tedious  as  the  fii"st.  Several  separations  of  250  grams 
each  were  made,  and  about  one  gram  of  pure  material  for  analysis 
was  obtained. 

In  the  case  of  the  iron  under  experiment  it  was  necessary  to  have 
the  borings  as  coarse  as  possible.  In  this  way  the  scales  of  graphite 
are  not  so  much  broken  up,  and  more  can  be  separated  by  the  bolt- 
ing cloth.  The  crystals  also  are  less  broken.  When  fine  borings 
were  used  it  was  not  possible  to  get  a  satisfactory  separation  on  the 
incline*!  i)lane  ;  for  the  small  particles,  instead  of  being  independent 
of  each  other,  as  when  coarse  borings  are  used,  gathered  together  in 
little  clumps  enclosing  the  crystals  sought,  which  were  thus  carried 
off  and  lost. 

The  solution  and  separation  should  also  be  made  on  the  same  day  ; 
for  when  a  solution  is  allowed  to  stand  longer  than  necessary  to 
settle,  there  is  a  minute  separation,  perhaps  of  gelatinous  silica, 
which  interferes  with  the  freedom  of  motion  of  the  particles,  causing 
them  to  gather  in  clumps,  as  described. 

In  the  case  of  another  pig-iron  on  which  some  preliminary  ex- 
periments were  made,  the  substance  to  be  separated  was  still  more 
finely  divided  than  in  the  present  case.  It  was  here  found  best  to 
give  little  if  any  fall  to  the  plane,  and  to  regulate  the  separation  by 
means  of  the  current  of  water.  Successful  separations  were  made 
with  an  inclined  plane  only  eight  feet  long. 

A  separation  was  also  attempted  upon  a  slowly  revolving  circular 
piece  of  glass  two  feet  in  diameter.  The  substance  to  be  separated 
was  placed  in  the  center  of  the  glass  and  water  dropped  slowly  upon 
it.  It  was  thought  that  the  water  would  carry  the  graphite  to  the 
periphery  of  the  glass,  leaving  the  heavier  crystals  in  the  center. 
Only  a  little  material  could  be  separated  in  this  way;  but  this 
result  was  plainly  due  to  the  fact  that  the  glass  used  could  not  be 
made  perfectly  level.  The  great  difference  between  the  s|)ecific 
gravity  of  the  crystals  and  graphite  naturally  suggests  the  usual 
se])aration  by  means  of  a  dense  solution  ;  but  the  material  is  far  too 
finely  divided  for  successful  separation  by  this  means. 
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Tlie  material  separated  on  the  inclined  plane  when  deposited  from 
water  and  dried  has  a  brilliant  luster  and  steel-gray  color.  When 
swept  together  the  mass  has  a  deep  iron-gray  color  and  little  luster. 
The  luster  in  the  former  case  is  due  to  the  fact  that,  when  allowed 
to  dej)osit  from  water,  the  cubes  arrange  themselves  unanimously 
with  their  faces  upward,  thus  reflecting  light  uniformly. 

On  exan)ining  the  material  for  analysis  under  the  microscope,  it 
was  found  to  be  free  from  graphite  and  to  consist  almost  entirely  of 
cubes,  a  large  proportion  of  which  were  perfect.  A  few  of  the  cubes 
had  long  handle-like  projections  from  one  of  the  angles.  There 
were  also  occasional  long  slightly  tapering  nail-shaped  crystals. 
The  cubes  varied  in  size  from  ^gVir  t^  7o'(5o  ^^  ^^"  ^"^^^  (0.0169  to 
0.0036  millimeter). 

The  material  analyzed  has  a  specific  gravity  of  5.10.  It  is  in- 
soluble in  hydrochloric  acid  but  readily  soluble  in  nitric  acid.  The 
insolubility  in  hydrochloric  acid  explains  how  titanium  in  pig-iron 
is  found  and  determined  in  the  residue  insolul)]e  in  this  acid.  The 
solubility  in  nitric  acid  shows  how  the  titanium  is  eliminated  in  the 
nitric  and  sulphuric  acid  method  for  the  determination  of  silicon  in 
pig-iron.  It  is  apparently  wholly  unattacked  by  a  strong  boiling 
solution  of  caustic  potassa.  When  ignited  for  several  hours  at  a 
bright  red  heat  in  a  current  of  hydrogen,  it  suffers  no  change  of 
weight.     The  following  is  the  analysis: 

Titanium, 71.58 

Carbon, 16.94 

Iron, 3.77 

Phosphorus, 0.69 

Manrjanese,        .....         .....  0.16 

Sulphur, 1.57 

Silicon, 0.00 

Kitrogen, 0.00 

Insoluble  siliceous  residue,        .......  1.09 

Undetermined, 4.20 

100.00 

The  substance  also  contains  a  small  undetermined  amount  of 
cop])er  and  vanadium,  j)ossibly  in  combination  with  sulj^hur.  About 
88  per  cent,  of  the  material  is  thus  seen  to  be  a  titanium  carbide  in 
which  titanium  and  carbon  are  present  in  very  nearly  the  exact 
proportion  of  their  atomic  weights.  The  formula  is  therefore  TiC. 
In  the  calculation  48  was  u.sed  as  the  atomic  weight  of  titanium. 
The  slight  excess  of  titanium  may  easily  exist  in  other  combination. 
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This  compound  is  probably  now  ;  for  I  liavo  not  been  able  to  find 
mention  anvwhere  of  anv  simple  coniponnd  of  titanium  with  car- 
bon. The  iron  and  phosphorus  in  the  analysis  ^ire  due  to  an  ad- 
mixture of  the  ditticultly-sohible  {)hosphorus  compound  described 
below. 

Determinations  of  titanium  and  carbon  were  made  by  various 
methods.  In  the  first  method,  dry  chlorine  gas  was  passed  at  a  red 
heat  over  the  substance  contained  in  a  weighed  jwrcelain  boat.  The 
volatile  chlorides  were  passed  through  numerous  bottles  and  bulbs 
containing  water.  Titanic  acid  was  separated  from  this  solution 
and  ])urified  in  the  usual  way.  The  carbon  remaining  in  the  boat 
was  burned  in  a  current  of  oxygen  after  first  being  freed  from 
chlorine  by  passing  hydrogen  over  it  at  a  red  heat.  In  another 
analysis  the  substance  was  burned  directly  in  oxygen,  the  carl)on 
thus  determined  agreeing  closely  with  the  first  determination.  The 
residue  remaining  in  the  boat  was  fused  with  potassium  bisulphate, 
and  the  titanic  acid  separated  in  the  usual  manner. 

I  have  found  cubical  crystals  like  those  described  in  every  one  of 
five  or  six  pig-irons  that  I  have  examined,  one  of  them  being  a 
sample  of  English  Bessemer  pig-iron  marked  Barrow  No.  1 ;  but  in 
none  were  they  so  free  from  admixture  of  the  nail-shaped  and  other 
crystals  as  in  the  iron  under  experiment.  This  iron  was  a  fine 
sample  of  No.  1  foundry  iron,  having  the  following  composition  : 

Phosphorus, 0.343 

Silicon, 2.690 

Sulphur, 0.047 

Manganese, 0.594 

Titanium, 0.203 

Graj.hite, 3.664 

Combined  carbon,    .........  0.111 

Iron  (by  difference), 92.348 

100.000 

The  titanium  was  determined  in  this  iron  by  three  different 
methods. 

1.  The  residue  insoluble  in  dilute  hydrochloric  acid  was  fused 
with  potassium  bisulphate,  and  the  titanic  acid  .separated  in  the 
well-known  manner.     The  result  was  0.199  per  cent,  titanium. 

2.  The  residue  insoluble  in  dilute  hydrochloric  acid  was  treated 
with  nitric  acid  with  the  intention  of  dis.solving  out  the  titanium 
carbide — a  method  suggested  by  this  investigation.  The  nitric  acid 
solution  was  precipitated  by  ammonia,  the  precipitate  filtered,  washed 
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and  redissolved  in  dilute  siil})luiric  acid,  and  the  solution  boiled 
after  neutralizing  excess  of  acid  and  adding  sulphurous  acid.  The 
precipitate  thus  obtained  was  fused  with  sodium  carbonate,  extracted 
with  water  and  filtered.  The  insoluble  sodium  titanate  was  dis- 
solved in  sulphuric  acid  and  reprecipitated.  The  result  was  0.206 
per  cent,  titanium. 

3.  Dry  chlorine  gas  was  passed  over  the  borings  at  a  red  heatj 
and  led  through  bottles  and  bulbs  containing  water.  The  result  by 
this  method  was  0.205  per  cent,  titanium. 

It  was  found  that  in  each  of  these  three  methods  the  first  precipi- 
tates by  boiling  always  contained  phosphoric  acid  to  such  an  extent 
as  to  cause  very  serious  error  when  not  separated.  It  was  necessary, 
therefore,  in  each  case  to  fuse  the  first  precipitate  M^ith  sodium  car- 
bonate and  extract  with  water,  thus  separating  soluble  sodium  phos- 
phate from  insoluble  sodium  titanate. 

When  properly  carried  out,  the  chlorine  method  certainly  gives 
all  the  titanium  in  })ig-iron.  As  much  titanium  was,  however, 
found  in  the  residue  insoluble  in  hydrochloric  acid  by  the  first  two 
methods  as  was  found  in  the  borings  by  the  chlorine  method.  This 
proves  that  all  the  titanium,  in  this  iron  at  least,  is  found  in  the 
residue  insoluble  in  hydrochloric  acid.  It  seems  fair  to  conclude, 
then,  that  the  titanium,  instead  of  being  uniformly  dissolved  in  this 
iron,  is  mechanically  disseminated  through  it  in  the  form  of  a  defi- 
nite crystallized  compound  with  carbon. 

That  part  of  the  residue  insoluble  in  dilute  hydrochloric  acid 
removed  liy  the  magnet  was  found  to  contain  considerable  })hos- 
phorus.  It  is  not  completely  insoluble,  even  in  very  dilute  hydro- 
chloric acid,  for  on  long  boiling  it  dissolves.  It  is  a  finely  di- 
vided granular  substance,  has  a  metallic  luster,  and  is  so  brittle  that 
it  may  readily  be  ground  to  dust  in  a  mortar.  It  encloses  consider- 
able titanium  carbide.  Samj)les  separated  at  different  times  con- 
tained phosphorus  as  follows:  10.32,  12.50,  and  11.90  per  cent. 
These  varying  results  are  due  to  varying  conditions  of  time,  temper- 
ature, and  strength  of  acid.  One  of  the  samples  contained  69.48  per 
cent,  of  metallic  iron.  When  only  slightly  heated,  apparently  not 
much  above  the  boiling-point  of  water,  partial  oxidation  takes  place, 
a  bright  glow  spreading  over  the  whole  mass.  On  further  heating, 
the  substance  fuses  easily.  The  compound  appears  to  be  completely 
insoluble  in  double  chloride  of  copper  and  ammonium. 

Dui)licate  determinations  of  the  phosphorus  remaining  insoluble 
in  a  solution  of  the  double  chloride  gave  0.155  and  0.158  per  cent. 
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phosjiliorus.  That  is,  45.63  per  cent,  of  the  total  phosjilionis  in  this 
iron  remains  in  the  ins^oluble  re.sidne  in  the  tbrni  of  a  high-j)hos- 
pliorus  coniponnd  ! 

Fmm  the  resitlne  insoluble  in  dilute  hydroehloric  aoid  only  about 
12  per  cent,  of  the  total  phos^phorns  could  be  separated  by  means  of 
a  magnet.  I  have  not  yet  attempted  a  separation  on  the  inclined 
plane  of  the  residue  insoluble  in  double  chloride  solution. 

These  notes  on  the  phosphorus  compound  are  only  preliminary, 
for,  owing  to  want  of  sufficient  material,  I  have  not  been  able  to 
make  a  complete  investigation  of  it. 

I  have  great  pleasure  in  acknowledging  my  indebtedness  to  INfr. 
Frank  Firmstone  of  the  Glendon  Iron  Works,  who  not  only  gave 
me  the  facilities  of  a  large  iron-works,  but  greatly  encouraged  me 
bv  his  interest  in  the  progress  of  this  investigation. 
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BY   JOSEPH   D.   WEEKS,   PITTSBURGH,    PA. 

(St.  Louis  Meeting,  October.  1886.) 

When  I  presented  at  the  Chicago  Meeting  of  the  Institute,  in 
May,    1884,  a  paper  on    Hadfield's  manganese   steel,*  which  had 
[about  that  time  been  brought  to  the  notice  of  steel  manufacturers, 
ll  promised  to  furnish  some  physical  tests  of  the  steel  for  publication 
[in  the  Transactions.     The  fulfilment  of  the  promise  then  made  has 
'been  delayed  by  various  circumstances;  but  I  have  recently  been 
put  in  possession  of  tests  of  this  steel  carefully  made  at  the  Wool- 
wich, England,  arsenal. 

Mes.srs.  Had  field  &  Co.  prepared  for  the  arsenal  a  series  of  twelve 
test-pieces,  made  from  the  same  heat.  An  analysis  of  the  steel  gave 
the  following  results  : 

Carbon, 72 

Silicon .37 

Sulphur, 06 

Phosphorus, 08 

Manganese,  ........     9.83 

The  test-pieces  had  been  heated  to  a  white  heat  and  plunged  into 
cold  water  prior  to  being  put   into  the  machine.     This  treatment 

*  Transactions,  xiii.,  233. 


462 


TESTS   OF    MANGANESE   STEEL. 


constitutes  for  the  Hadfield  steel,  as  was  observed  in  my  former 
paper,  an  annealing  process,  making  the  steel  tougher  and  softer, 
and  relieving  any  internal  strains;  whereas,  heating  and  cooling  in 
the  air  makes  the  steel  harder.  The  result  of  the  physical  tests  is 
as  follows : 

Tests  of  Hadfield! s  Manganese  Steel,  made  at  the  Woolwich,  England, 
Arsenal,  August  5th,  1866. 

(Temperature  of  test-house,  68°  Fahrenheit.) 


Size  of  Sample. 

Number 
of 

Breaking 
strain. 

Breaking 
strain  per 

Elongation  in 
8  inches. 

Sample. 

Diameter. 

Area. 

square  inch. 

Inches. 

Sq.  in. 

Tons. 

Tons. 

Per  cent. 

1. 

.755 

.447 

22  232 

49.736 

25.0 

2. 

.745 

.435 

21.294 

48.951 

25.78 

3. 

.75 

.441 

21.6U7 

48.995 

23.42 

4. 

.74 

.43 

22.008 

51.181 

26.56 

5. 

.75 

.441 

22.098 

50.108 

26.56 

6. 

.745 

.435 

20.00 

45.977 

22.0 

7. 

.74 

.43 

21  651 

50.351 

24.21 

8. 

.76 

.453 

22.232 

49.077 

24.21 

9. 

.74 

.43 

21.696 

50.455 

26.56 

10. 

.75 

.441 

23.437 

53.145 

28.90 

11. 

.745 

.435 

21.964 

50.491 

25.78 

12. 

.755 

.447 

21.25 

47  539 

22.2 

The  foregoing  report  is  signed  by  J.  F.  Barnaby,  Admiralty 
Overseer. 

When  it  is  remembered  that  a  steel  containing  as  high  a  per- 
centage of  manganese  as  this  is  exceedingly  hard,  it  being  by  ordinary 
methods  practically  impossible  to  bore  it,  turn,  or  file  it,  the  high 
tensile  strength  and  great  elongation  are  certainly  remarkable;  and 
what  is  still  more  remarkable  is,  that,  in  most  cases,  elongation 
increases  with  the  increase  in  tensile  strain,  the  lowest  tensile 
strength,  that  in  sample  No.  6,  which  shows  45.977  tons,  or  102,988 
pounds,  breaking  strain,  being  accompanied  by  the  smallest  elonga- 
tion, namely,  22.0  percent,  in  8  inches;  while  the  piece  No.  10, 
showing  the  highest  tensile  strength,  the  breaking  strain  being 
53.145  tons,  or  119,044  pounds,  per  scpiare  inch,  shows  the  greatest 
elongation,  namely,  28.90  per  cent,  in  8  inches. 
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THE  CONDITION  OF  SILVER  IN  A  SAMPLE  OF  LITHARGE. 

BY   PROFESSOU   CHARLES   E.    WAIT,    ROLLA,    MO. 
(St.  Louis  Meeting,  October,  1886.) 

In  the  analy.-^is  of  a  .>Jot  of  interesting  furnace-products  belonging 
to  the  metallurgical  cabinet  of  the  School  of  Mines,  I  i)lace(l  in  the 
hands  of  one  of  my  students  a  sample  of  litharge  which  gave  the 
results  qnoteil  below.  The  collection  of  specimens  from  which  this 
was  taken,  represents  the  pnxlucts  obtained  in  the  blast-furnace 
treatment  of  argentiferous  lead  ores,  also  samples  from  the  zinc 
process,  and  those  from  the  cupcllation  of  the  enriched  lead. 

Tiie  sample,  when  received,  was  marked  "bismuth  litharge,"  and 
was  that  obtained  during  the  last  stages  of  cupellation.  It  gave 
upon  analysis  the  following  : 

Per  cent. 

Lead 85.36 

Antimony,         ..........         .06 

liismiith, 20 

Copj)€r, 49 

Iron, 69 

Zinc 18 

Nickel 01 

Silver 2.94 

Lime,         ...  26 

Magnesia, 03 

Silica, 12 

Sulphuric  anhydride,         ........         .32 

Carbonic  anhydride,  ........       1.25 

Water 24 

Oxygen, 7.80 

99.95 
At  present  I  wish  merely  to  call  attention  to  the  large  percentage 
of  silver  present  (equal  to  857  ounces  Troy  per  ton  of  2000  pounds 
avoirdupois),  and  also  to  note  two  or  three  determinations  that  I 
have  recently  made,  with  a  view  to  ascertain,  if  possible,  the  con- 
dition in  which  this  silver  exists. 

If  I  mistake  not,  it  is  usually  assumed  that  silver  exists  in 
litharge  in  the  metallic  state ;  and  it  is,  indeed,  in  the  analyses  of 
litharge,  rarely  expressed  otherwise.  This  method  of  reporting  the 
silver  is,  no  doubt,  due  to  the  accepted  statements  that  the  oxides 
of  silver  are  reduced  to  the  metallic  state  at  a  temperature  of  300° 
C.  or  less. 

The  following  experiments  lead  me  to  believe  that  silver  exists 
in  litharge,  not  entirely  in  the  metallic  state  : 
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1.  A  weiglied  sample  of  litharge  was  digested  in  boiling  acetic 
acid  for  about  half  an  hour.  The  solution  was  filtered.  The  fil- 
trate gave  no  reaction  for  silver, 

2.  Same  experiment  as  above  with  continued  boiling.  The  solu- 
tion being  filtered,  the  filtrate  gave  no  reaction  for  silver. 

3.  A  sample  was  placed  in  cold  acetic  acid,  then  heated  to  boil- 
ing. The  solution  was  filtered,  and  silver  was  found  in  the  filtrate. 
The  estimation  gave:  silver  dissolved,  19.25  per  cent,  of  the  silver 
present  in  the  litharge. 

4.  A  sample  was  treated  as  in  the  last  experiment.  The  estima- 
tion gave  :  silver  dissolved,  18.67  per  cent. 

5.  A  sample  was  placed  in  cold  acetic  acid,  and  gently  warmed 
for  a  few  minutes.  The  estimation  gave  :  silver  dissolved,  10.47 
per  cent. 

6.  The  residue  in  Experiment  3  was  examined  and  found  to  con- 
tain 2.7  per  cent,  of  lead. 

The  sample  in  each  experiment  weighed  one-third  of  an  assay 
ton. 

I  have  placed  the  following  interpretation  upon  the  results  ob- 
tained above  : 

In  Nos.  1  and  2,  if  silver  in  any  form  whatever  was  dissolved,  it 
was  in  turn  re-precipitated  by  boiling. 

In  Nos.  3  and  4,  the  silver  dissolved  did  not,  in  all  probability, 
exist  in  the  metallic  state. 

In  No.  5,  the  solution  was  not  sufficiently  heated. 

In  No.  6,  the  lead  which  remained  undissolved  pi'obably  existed 
in  a  rich  alloy  with  silver,  which  resisted  the  action  of  tl)e  solvent. 

A  few  experiments  were  made  which  assisted  me  in  interpreting 
the  above,  by  showing  that  neither  metallic  silver  reduced  to  fine 
subdivision  by  mechanical  means,  nor  silver  freshly  prepared  by 
zinc  from  silver  chloride,  is  soluble  in  acetic  acid,  while  argentic 
oxide  is  soluble  in  that  acid. 

A  solution  of  silver  oxide  in  acetic  acid  was  i)recipit,ated  com- 
pletely by  metallic  lead. 

From  the  results  stated  above,  I  believe  we  are  justified  in  our 
conclusion,  that  silver  may  exist  in  litharge  in  a  form  other  than  in 
the  metallic  state.  In  this  case,  the  analysis  shows  the  percentage 
of  silver  to  be  very  large,  which,  no  doubt,  is  due  to  quick  and  hot 
work  ;  and  if  the  oxides  are  decomposed  at  300°  C.  or  less,  in  what 
form  then,  may  I  ask,  does  this  silver  exist? 

Jn  tlie  direction  of  an  answer  I  will  add,  that  some  experiments 
liave  shown  me  quite  satisfa(!torily  that  silver  is  not  an  exception 
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to  the  metals  to  wliieh  litharfre  jjlves  up  a  part  of  its  oxygen  when 
fused  with  them  for  a  consiilerable  time. 


TUE  GEOLOGICAL  MAP  OF  THE  UNITED  STATES. 

BY  C.  II.  HITCHCOCK,   HANOVER,   N.  H. 
(St.  Louis  Meeting,  October,  1SS6.) 

The  publication  by  the  Institute  of  a  small  geological  map  of 
the  United. States  calls  for  an  explanation  of  its  peculiarities.  The 
title  intimates  that  it  is  intended  "to  illustrate  the  schemes  of  color- 
ation and  nomenclature  recommended  by  the  International  Geo- 
logical Congress."  By  way  of  further  explanation  it  is  said  to  be 
"  based,  by  permission  of  the  Director  of  the  United  States  Geo- 
logical Survey,  upon  the  map  published  in  his  Fifth  Annual  Report, 
the  portions  not  colored  in  that  map  being  here  supplied  from  other 
sources."  The  map  referred  to  was  prepared  by  W.  J.  McGee,  and 
in  the  text  of  the  report  containing  it  he  has  given  a  list  of  the 
authorities  employed  in  the  compilation.  The  scheme  of  coloration 
used  for  the  map  was  the  one  proposed  by  the  Director,  in  the  Sec- 
ond Annual  Report,  for  the  publications  of  the  United  States 
Geological  Survey,  which  differed  materially  from  those  employed 
by  the  older  American  geologists. 

Because  of  the  increasing  diversity  in  the  particular  colors  em- 
ployed to  represent  rocks  by  geologists  in  different  countries,  and  of 
the  existence  of  very  dissimilar  schemes  of  nomenclature,  it  seemed 
best  to  the  American  Association  for  the  Advancement  of  Science, 
at  its  Buffalo  meeting  in  1876,  to  appoint  an  international  committee 
of  geologists,  who  should  consult  together,  and,  if  feasible,  to  call 
an  International  Congress  to  discuss  these  subjects.  The  proposition 
met  with  favor,  and  the  meeting  was  called.  The  first  session  was 
held  at  Paris,  in  1878,  when  geologists  were  present  from  twenty 
different  countries.  Once  organized,  the  Congress  has  perpetuated 
itself,  enacting  regulations  for  its  conduct,  choosing  the  French  lan- 
guage for  its  medium  of  communication,  and  arranging  for  the  com- 
pilation of  a  geological  map  of  Europe  upon  which  the  perfected 
schemes  of  coloration  and  nomenclature  will  be  delineated.  The 
American  A.ssociation  maintains  a  standing  committee  to  represent 
it  at  the  international  sessions,  and  to  report  their  proceedings.  Six- 
teen countries  were  represented  at  the  second  Congress,  at  Bologna, 
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Italy,  in  1881,  and  seventeen  at  the  latest  convocation,  at  Berlin, 
Prussia,  in  1885.  All  questions  are  decided  by  countries,  the  ma- 
jority of  delegates  from  each  country  deciding  what  its  vote  shall 
be.  At  Berlin,  the  following  countries  were  represented:  Austria, 
Belgium,  Denmark,  France,  Germany,  Great  Britain,  Hungary, 
Holland,  India,  Italy,  Norway,  Portugal,  Roumania,  Russia,  Spain, 
Sweden,  Switzerland,  and  the  United  States. 

Since  the  adjournment  of  the  Berlin  Congress,  the  American 
Committee  have  issued  a  lengthy  report,  descriptive  of  the  results 
thus  far  attained,  and  have  voted  to  recommend  their  fellow  geolo- 
gists to  adopt  the  decisions,  so  far  as  possible.  Professor  James  Hall, 
the  Nestor  of  American  geologists,  who  has  contributed  as  largely 
as  any  one  to  the  construction  of  our  American  map,  is  the  chair- 
man of  this  committee,  and  has  attended  all  the  sessions  of  the 
European  Congress.  Dr.  Persifor  Frazer,  of  Philadelphia,  attended 
the  Berlin  meeting.  As  secretary  of  the  American  delegation  at 
Berlin,  and  of  other  meetings  of  the  committee  later,  he  has  prepared 
the  pamphlet  issued  descriptive  of  the  various  proceedings.  The 
other  members  of  the  Committee  are  Sir  J.  W:  Dawson,  Professor  J. 
S.  Newberry,  Dr.  T.  Sterry  Hunt,  Professors  C.  H.  Hitchcock,  R. 
Pumpelly,  H.  S.  Williams,  and  J.  P.  Lesley,  Maj.  J.  W.  Powell, 
Professors  G.  H.  Cook,  J.  J.  Stevenson,  E.  D.  Cope,  and  E.  A. 
Smith.   • 

The  object  of  the  present  paper  is  to  describe  the  geological  map 
prepared  to  illustrate  the  application  of  the  views  of  the  Interna- 
tional Congress  to  the  rocks  of  the  United  States  and  Canada.  It 
will,  therefore,  be  necessary,  first,  to  state  the  general  conclusions 
reached  by  the  Congress,  and,  secondly,  to  sketch  the  history  of  the 
evolution  of  the  map  of  the  United  States. 

The  word  Formation  conveys  the  idea  of  origin  rather  than  of 
time,  and  is  not  used  in  a  stratigraphic  sense.  In  its  stead,  the 
French  word  Terrain,  anglicised  to  Terrane,  is  regarded  as  more  de- 
finitive. The  most  general  stratigraphic  division  will  be  designated 
as  groiLp,  of  which  there  are  four,  Arehean,  Paleozoic,  Mesozoic,  and 
Cenozoic.  The  groups  are  divided  into  Systems,  which  are  Tertiary, 
Cretaceous,  Jurassic,  Triassic,  Carboniferous,  Devonian,  Silurian, 
Cambrian,  Huronian,  and  Laurentian. 

The  systems  are  divided  into  Series,  the  series  into  Mages  or 
Stages,  the  stages  into  Assises  or  Rocks.  Any  further  subdivision 
receives  the  name  of  Beds.  The  chronological  divisions  correspond- 
ing to  these  terms  are  Era,  Period,  Epoch,  Age,  and  Phase. 
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The  Committee  upon  the  European  map  have  suggested  the  need 
of  distinguishing  the  different  orders  of  division  by  homophotious 
terminations,  that  is,  those  possessing  tlie  same  sound.  They  propose 
the  termination  ary  for  the  groups,  ic  for  the  systems,  and  ian  for 
the  series.  To  carry  out  this  suggestion,  it  would  be  needful  to 
restore  such  words  as  Sccondari/,  and  to  change  Cretaceous,  Carbon- 
iferous, Devonian,  and  Silurian  to  Oretacie,  Carbonic,  Devonic,  and 
Siluric. 

These,  and  other  suggestions,  are  presented  in  the  following  table. 
But  the  Quaternary  is  placed  among  the  systems,  while  the  Con- 
gress woulil  rank  it  as  a  subdivision  of  the  Tertiary.  The  relations 
of  Cambrian  and  Silurian  have  not  been  settled.  The  designation 
of  Archeau  was  voted  for  in  preference  to  Primitive  (Primary),  and 
it  was  left  to  the  geologists  coloring  maps  to  make  their  own  di- 
visions of  it.  The  monograms  have  figures  corresponding  to  the 
indices  of  powers  to  represent  the  subdivisions;  thus,  Eocene  is 
m',  Oligocene  m'^,  etc.  But  the  figures  for  Archean  are  to  be  placed 
below  the  lines,  as  ai,  a.,,  in  order  to  avoid  the  signification  of  a 
chronological  order.  Greek  initials  are  employed  to  designate  the 
eruptive  rocks. 

A.  Sedimentary  Terranes. 


Systems. 

Monograms 

. 

Colors. 

Qiiaternarv, 

q. 

Cream-yellow. 

Tertiary, 

m, 

Yellow. 

Cretacic, 

c. 

Green. 

Jurassic, 

h 

Blue. 

Triassic, 

t, 

Violet. 

Carbonic, 

p  and  h, 

Gray. 

Devonic, 

d, 

Brown. 

Siluric, 

8, 

Bluish -green. 

Cambrian, 

Cb, 

Greenish-gray. 

Huronian, 

at, 

Pale-rose. 

Laurentian, 

ai. 

Rose. 

B. 

Eruptive 

Rocks 

Granites,  etc.. 

Y, 

^  Carmine. 

Porphyries,  etc., 

^ 

Purple. 

Melaphyres,  etc, 

ft 

Indian. 

Serpentines,  etc., 

', 

Bistre. 

Trachytes,  etc., 

■", 

Red,  ■ 

Vermilion. 

Trachytic  aggregates. 

-', 

Vermilion -stipplec 

Basalts,  etc., 

^, 

Venetian. 

Basaltic  aggregates. 

P', 

Venetian-stippled. 

Moflem  lavas, 

", 

Saturn. 

Tuffs  and  modern  aggregates ,   "^j 

Saturn-stippledj 
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The  Map. 

In  view  of  the  importance  of  the  decisions  of  this  Congress  it 
has  seemed  advisable  to  offer  for  publication  a  new  geological 
map  of  the  United  States  and  Canada  upon  a  small  scale,  for  the 
purpose  of  illustrating  in  this  new  international  dress  the  latest 
views  of  the  distribution  of  our  rocks.  For  the  first  time  in  the 
history  of  American  maps  has  it  been  possible  to  show  the  distribu- 
tion of  stratigrapliical  (Vvisions  of  equal  importance  in  every  part 
of  the  country.  Heretofore  the  colors  have  included  very  unequal 
thicknesses  of  strata,  partly  because  of  the  imperfection  of  our 
knowledge  and  partly  because  many  desire  to  have  the  economic 
mportance  of  certain  members  made  prominent.  There  is  a  place 
for  such  details  upon  maps  of  a  larger  scale.  It  will  be  a  cause  for 
regret  to  many  persons  that  the  Coal  Measures  are  not  specially 
separated  from  the  other  divisions  of  the  Permo-Carboniferous.  For 
the  first  time  it  is  now  possible  to  show  the  Jurassic  system  sepa- 
rated from  the  Triassic  upon  a  general  map,  though  it  has  been 
omitted  in  one  or  two  localities  in  Colorado  because  of  its  very 
slight  development. 

The  scheme  of  systems  employed  is  the  following  :  1.  Lauren- 
tian.  2.  Huronian.  3.  Cambrian.  4.  Silurian  (beginning  with  the 
Calciferous  Sandrock  and  ending  with  the  Lower  Helderberg).  5. 
Devonian.  6.  Permo-Carboniferous.  7.  Triassic.  8.  Jurassic.  9. 
Cretaceous.  10.  Tertiary.  11.  Quaternary.  The  Eruptives  are 
grouped  under  the  term  of  Volcanic,  excluding  the  granites  and  traps. 

As  it  was  convenient  to  retain  the  monograms  of  the  Geological 
Survey  already  upon  the  map,  the  notation  of  the  Congress  does  not 
appear.  It  should  be  stated,  also,  that  the  letters  E  and  N  show 
areas  of  McGee's  division  of  the  Tertiary  into  Eocene  and  Neocene, 
the  tint  being  the  same  for  both.  In  two  cases  the  letter  m  has 
been  added  to  the  larger  initial  to  indicate  metamorphism,  as  in  the 
Cretaceous  of  the  Coast  Range  and  Jurassic  of  the  gold-bearing 
slates  of  California.  There  is  no  division  of  the  Archean  west  of  the 
Black  Hills,  while  in  all  the  eastern  portion  of  the  country  it  seems 
best  to  use  the  well-established  twofold  division  into  Laurentian  and 
Huronian.  The  Committee  on  the  European  map  have  added  a 
third  member,  the  azoic  schists  or  phyllites,  whose  American  equiva- 
lent is  not  well  understood.  Every  geologist  understands  the  terms 
Laurentian  and  Huronian,  while  the  existence  of  a  third  group  is 
not  yet  generally  accepted.     The  author  wishes  it  to  be  understood 
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that  in  this  disposition  of  the  crystalline  schists  he  has  endeavored 
to  follow  what  seems  to  l)e  the  general  opinion  rather  than  his  own 
conception  of  the  true  classitication. 

In  order  to  understand  the  evolution  of  the  geological  map  it  will 
be  netvssarv  to  describe  briefly  the  characteristic  features  of  the 
several  maps  of  the  country,  taking  them  in  chronological  order. 
First  came  Maclure's,  then  James  Hall's,  followed  by  those  of 
Charles  Lyell,  Edward  Hitchcock,  Jules  Marcou,  H.  D.  Rogers, 
Hall  and  Lesley,  Hall  and  Logan,  C.  H.  Hitchcock  and  W.  P.  Blake, 
C.  H.  Hitchcock  and  W.  J.  McGee. 


Maclure's  Map. 

The  first  American  author  who  has  given  geological  distinctions 
U|wn  the  map  of  the  eastern  United  States  was  William  Maclure. 
His  scheme  shows  four  classes  of  rocks:  "  L  Primitive.  2.  Tran- 
sition. 3.  Floetz  or  Secondary.  4.  Alluvial."  The  first  issue  was 
in  1809;  the  second  in  1817.  These  several  groups  are  ])ortrayed 
with  considerable  accuracy.  The  first  represents  the  well  known 
Atlantic  crystalline  area  from  its  southern  extremit}'^  in  Alabama  to 
the  edge  of  Maine,  and  it  is  properly  separated  from  the  Adirondack 
Primitive  by  the  later  limestone  group.  Some  later  authors  have 
overlooked  this  area  dividing  the  two  crystalline  areas.  The  Tran- 
gitian  corresponds  to  the  Appalachian  belt  of  Paleozoic  beds  east  of 
the  carboniferous  plateau.  The  Secondary  embraces  the  Carbonif- 
erous and  other  Paleozoic  rocks  of  the  Mississippi  basin  as  far  as 
the  wOst  lines  of  Louisiana,  Arkansas,  and  Missouri.  The  Alluvial 
differs  very  little  from  the  Atlantic  Tertiary  plain  as  now  known, 
with  the  addition  of  the  Quaternary.  Every  subsequent  map  has 
adopted  in  the  main  this  delineation  of  Maclure. 

Map  of  James  Hall. 

The  first  generalization  following  Maclure's  was  that  of  James 
Hall,  published  in  1843,  in  the  Geology  of  the  Fourth  District  of 
New  York.  It  embraced  the  States  of  New  York,  New  Jersey,  Penn- 
sylvania, Delaware,  Maryland,  Virginia,  West  Virginia,  Kentucky, 
Ohio,  Lower  Michigan,  Indiana,  Illinois,  and  part  of  Wisconsin 
and  Canada,  upon  the  scale  of  thirty  miles  to  the  inch,  with  twenty- 
three  distinctions  of  ages,  as  follows  :  "1.  Tertiary.  2.  Cretaceous 
or  Greensand  Formation.     3.  New  Red  Sandstone.     4.  Coal  Meas- 
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ures.  5.  Conglomerate  of  Coal  Formation.  6.  Carboniferous  Lime- 
stone.    7.  Old  Red  Sandstone.      8,  Portage  and  Chemung  Groups. 

9.  Hamilton  Group,  including  Tully  Limestone  and  Genesee  Slate. 

10.  Helderberg  Limestones,  including  Grit  and  Sandstone.  IL  On- 
ondaga Salt  Group.  12.  Niagara  Group.  13.  Clinton  Group.  14. 
Medina  Sandstone.  15.  Gray  Sandstone  and  Shawangunk  Con- 
glomerate. 16.  Hudson  River  Group.  17.  Utica  Slate.  18.  Black 
River,  Birdseye  and  Trenton  Limestones.  19.  Calciferous  Sandrock. 
20.  Potsdam  Sandstone.  21.  Primary  or  Hypogene  and  Metamor- 
phic.     22.  Trap  and  Basalt.     23.  Altered  Limestone." 

In  the  way  of  classification  Professor  Hall  regarded  the  Devonian 
as  extending  from  7  to  9  inclusive,  while  it  was  supposed  that  every- 
thing beneath  (10  to  20),  so  far  as  exposed  in  New  York,  corre- 
sponded to  the  Silurian  of  Murchison.  The  present  usually  adopted 
classification  of  the  various  stages,  making  the  Oriskany  the  base  of 
the  Devonian,  the  Oneida  the  base  of  the  Upper  Silurian,  and  the 
Potsdam  the  base  of  the  Lower  Silurian,  started  with  the  conclu- 
sions of  Edward  de  Verneuil,  set  forth  in  1847  in  a  Bulletin  of  the 
Geological  Society  of  France. 

Credit  was  given  by  Hall  to  a  multitude  of  geologists  for  the 
information  respecting  the  coloration  of  the  regions  outside  of  New 
York.  This  map  has  been  followed  by  all  later  authors,  and  repre- 
sents a  masterly  effort  made  by  the  geologist,  the  best  qualified  for 
the  task  of  all  Americans  at  that  date,  especially  because  of  his 
paleontological  acquirements.  It  has  been  excelled  only  by  his  own 
work  of  a  later  date. 

Map  OF  Charles  Lyell. 

In  1841-2  Charles  Lyell,  of  England,  traveled  in  the  United 
States,  making  the  acquaintance  of  the  leading  American  geologists, 
thus  learning  at  first  hand  the  best  opinions  then  extant  respecting 
the  distribution  of  the  various  groups.  These  views,  qualified  occa- 
sionally, particularly  in  the  later  systems,  by  his  own  superior  judg- 
ment, were  embodied  in  his  map  published  in  1845  in  his  Travels 
in  the  United  States;  and  upon  the  face  of  the  map  appear  the 
names  of  twenty-six  authors,  to  whom  he  was  indebted  for  informa- 
tion. The  map  is,  therefore,  the  same  with  that  of  Professor  Hill 
just  described,  with  a  few  improvements,  and  represents  a  larger 
area.  Twenty  distinctions  are  set  forth  :  "1.  Alluvium  and  Post 
Pliocene.    2.  Miocene.    3.  Eocene.    4.  Cretaceous.    5.  Coal  (Oolite?), 
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ofViririnia.  6.  New  Reil  Saiulstoue  and  Trap.  7.  Coal  Measures. 
8.  Carbon iteroii?  Limestone  ami  Gypsutn,  of  Nova  Scotia.  9.  Old 
ReilS;in(lstone  or  Devonian.  10.  Hamilton  Group.  11.  HeUlerberg 
Series.  12.  Onontlajra  Salt  Group.  13.  Niagara  and  Clinton  Groups. 
14.  Hudson  River,  Utica,  etc.  15.  Limestone  of  Trenton,  etc.  16. 
Potsdam  Sandsttnie,  etc.  Z.  Sandstone  of  Lake  Superior,  age  un- 
determined, a.  Hypogene  (granite,  gneiss,  etc.)  b.  Trap  rocks. 
c.  Metamorphic  Limestone."  Of  tiieseNos.  10  to  13  were  regarded 
as  Upper  Silurian,  14  to  16  Lower  Silurian.  The  scale  of  the 
map  is  130  miles  to  the  inch.  The  colors  extend  north  to  latitude 
50^,  including  New  Brunswick,  Nova  Scotia,  and  the  island  of 
Anticosti ;  west,  in  a  direct  westerly  line  from  Lake  Siij)erior  to 
the  Missouri  River,  to  longitude  95°  in  Missouri,  to  100°  up  the 
Arkansas  River,  and  at  the  Rio  Grande,  while  the  spaces  north  of 
and  between  these  extreme  points  are  left  blank. 

In  Lyell's  map  we  find  clearly  defined  :  1.  The  AUantic  belt  of 
crystallines,  properly  separated  from  the  Adirondacks  by  the  Cham- 
j)lain  Valley  limestones.  2.  The  New  Brunswick,  Appalachian, 
Michigan,  and  Illinois  coal-fields.  3.  The  Canadian  crystallines, 
one  area  reaching  to  the  extremity  of  the  Minnesota  promontory. 
4.  The  Atlantic  Tertiary  plain  as  far  as  Mexico,  showing  also  a  few 
Cretaceous  areas,  some  of  them  not  now  recognized  as  such.  The 
representation  west  of  the  Mississippi  was  necessarily  imperfect  and 
conjectural.  The  engraving,  printing,  and  coloration  of  this  map 
are  to  be  commended  for  neatness  and  precision. 

E.  Hitchcock's  Map  of  1853. 

In  1847,  President  Hitchcock  announced  his  intention  of  issuing 
an  outline  of  the  Geology  of  the  Globe,  which  did  not  make  its 
ap|)earance  till  1853.  The  manuscript  and  maps  were  delivered  to 
the  publishers  in  January,  and  the  part  relating  to  the  United  States 
is  the  first  attempt  to  show  the  distribution  of  the  rocks  from  the 
Atlantic  to  the  Pacific  border.  The  starting-point  was  the  map  of 
M.  Boue,  of  small  size,  but  embracing  the  whole  world.  In  addi- 
tion to  recorded  observations,  this  author  has  relied  upon  generaliza- 
tions from  the  relations  of  geogra{)hy  to  geology.  The  prolongation 
of  certain  great  mountain  chains  into  new  countries,  their  identity 
of  direction  or  parallelism,  the  character  of  rivers  with  changes  in 
their  course  and  deltas,  the  presence  or  absence  of  lakes  with  their 
riijc  and  number,  topography,  deserts,  forests,  distribution  of  animals 
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and  plants,  and  the  dispersion  of  boulders,  were  considerations 
authorizing  the  reference  of  all  the  known  world  to  the  several  geo- 
logical groups.  The  following  are  the  distinctions :  "1.  Hypozoic 
and  nietamorphic  strata,  with  granite,  syenite,  and  some  porphyries," 
or  what  to-day  we  recognize  as  crystalline.  "2.  Primary  fossilif- 
erous  strata  to  the  top  of  the  Carboniferous,"  or  Paleozoic.  "3. 
Secondary  strata^"  or  Mesozoic.  "4.  Tertiary  strata.  5,  Alluvial 
deposits.  6.  Volcanic  and  igneous  rocks  of  the  Alluvial  and  Ter- 
tiary periods." 

With  such  a  start  it  was  easy  to  improve  upon  the  portion  relat- 
ing to  North  America  by  enlarging  the  scale,  adding  to  the  number 
of  distinctions,  and  testing  its  veracity  by  consulting  the  works  of 
geologists,  especially  those  of  Hall  and  Lyell.  The  following  were 
the  distinctions  used  by  Hitchcock:  "1.  Alluvium  and  Tertiary. 
2.  Miocene  Tertiary.  3.  Eocene  Tertiary.  4.  Cretaceous  formation. 
5.  Oolitic  Sandstone.  6.  New  Red  Sandstone  (Trias).  7.  Coal 
Measures.  8.  Carboniferous  limestones.  9.  Old  Red  Sandstone 
(Devonian).  10.  Upper  Silurian  System.  H.  Lower  Silurian 
(Cambrian).  12.  Hypozoic  and  Metamorphic  Rocks  with  granite, 
syenite,  and  porphyry.  13.  Igneous  Rocks  of  the  Tertiary  and 
Alluvial  Periods.  14.  Trap  in  Sandstone.  15.  Gypsum  Forma- 
tion." The  scale  is  about  120  miles  to  the  inch,  and  the  map 
reached  a  third  edition  in  1856,  without  any  revisions  or  additions. 

Bou6's  theoretical  sketch  of  the  western  third  of  the  United 
States  is  improved  upon.  For  example,  the  Silurian  is  removed 
from  the  Pacific  border;  numerous  patches  of  volcanics  are  inserted 
over  the  Rocky  Mountain  area;  the  Cretaceous  on  the  plains  is 
quoted  from  Fremont,  Nicollet,  and  Roeraer;  the  gypsum  forma- 
tion (made  larger  than  it  would  appear  to  be  from  later  obser- 
vations) is  based  upon  the  collections  of  Captain  R.  B.  Marcy. 
Farther  east,  both  the  original  reports  of  the  various  authors  cited 
by  Hall  and  Lyell,  and  whatever  may  be  learned  from  their  com- 
pilations, are  utilized.  As  the  result,  one  finds  a  close  general  re- 
semblance between,  the  map  of  1853  and  that  of  to-day,  east  of 
longitude  105°,  the  changes  consisting  in  an  improved  base  and 
increased  accuracy  in  the  delineations  of  outline. 

This  map  shows  the  following  improvements  over  Lyell's,  its  im- 
mediate predecessor:  1.  It  has  a  greater  extent  northerly  so  as  to 
touch  Hudson's  Bay  and  include  most  of  Lake  Winnipeg.  2.  It 
gives  a  better  idea  of  the  Alabama  portion  of  the  Appalachian  coal- 
field.    3.  The  Iowa  coal-field  is  delineated  as  far  south  as  the  Osage 


■    THE   GEOLOGICAL    MAP   OF   THE   UNITED   STATES.  473 

river,  but  is  not  made  to  comieot  with  tlie  coal  area  in  Indian  Ter- 
ritory. 4.  Tlie  Lower  Silurian  is  exteiukxi  from  Wisconsin  north- 
erly beyond  the  Mississippi  to  Winnipeg,  though  it  is  too  broad 
north  of  latitude  48°.  5.  A  broad  belt  of  Cretaceous  is  colored 
from  Texas  to  near  the  International  Boundary.  6.  The  crystalline 
foundation  of  the  Rocky  ^lountains  is  given  in  its  entirety  without 
many  of  the  later  groups,  while  the  advantage  of  showing  the  rela- 
tions of  this  fundamental  section  to  the  later  eastern  Paleozoics  is 
very  great. 

Of  minor  improvements,  we  iiotice  the  better  coloration  of  the 
Missouri  area,  the  Western  volcanic  patches,  and  the  gypsum  forma- 
tion of  Louisiana  and  Texas. 

Jules  Marcou's  Map  of  1853. 

^L  Jules  Marcou  published  a  geological  map  of  the  United  States 
and  the  British  Provinces  in  the  same  year,  upon  the  scale  of  90 
miles  to  the  inch.  Its  northern  line  is  about  50°  N.  latitude,  and 
the  western  from  110°  at  the  northern  to  100°  longitude  at  the 
southern  limit,  and  with  the  following  distinctions:  1.  Modern 
rocks.  2.  Tertiary  and  Quaternary.  3.  Cretaceous.  4.  Lias  or 
Jurassic.  5.  New  Red  Sandstone  or  Keuper.  6.  Coal  Measures. 
7.  Lower  Carboniferous.  8.  Devonian.  9.  Upper  Silurian.  10. 
Lower  Silurian.  11.  Copper  trap.  12.  Granite,  porphyry,  syenite, 
greenstone,  gneiss,  mica  schist,  etc.  Nos.  3  to  5  are  grouped  as 
"Secondary;"  6  to  10  as  "Paleozoic;"  11  and  12  as  "Eruptive  and 
metamorphic  rocks." 

The  modern  rocks  embrace  only  the  flood-plain  and  delta  of  the 
Mississippi,  with  Florida  south  of  St.  Augustine.  The  Tertiary  and 
Quaternary  agree  with  the  now  stereotyped  Atlantic  plain  and  Mis- 
sissippi valley,  from  Cape  Cod  to  Mexico,  almost  a/ac  simile  of  the 
corresponding  area  as  colored  by  Lyell  in  1845.  The  Cretaceous 
east  of  the  Mississippi  is  better  shown  than  by  Lyell,  and  west  of 
that  river  its  coloration  is  more  correct  than  in  Marcou's  own 
later  editions;  its  greatest  breadth  being  at  lat.  38°,  just  below  the 
broad  spread  of  the  Mauvais  Terras  Tertiary  of  Nebraska  ;  and  there 
is  an  extension  of  it  up  the  Missouri  River  nearly  to  Fort  Union. 
The  "Lias  or  Jurassic"  is  confined  to  small  areas  only  near  Rich- 
mond, Va.,  and  the  Raton  Mountains,  N.  M.  The  "  Red  Sandstone 
or  Keuper"  is  shown  at  Prince  Edward's  Island,  on  the  Con- 
necticut and  other  narrow  strips  near  the  Atlantic  Ocean.     Else- 
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where  it  is  to  be  seen  upon  the  south  side  of  Lake  Superior, 
thence  clue  west  to  long.  98°,  and  repeated  with  the  same  course 
beyond  the  Sweetwater  river.  The  "Coal-Measures"  differ  from 
Lyell's  coloration  chiefly  in  the  better  fashioning  of  the  southwest 
extremity  of  the  Appalachian  field,  and  in  the  addition  of  the 
Missouri  area,  which  extends  into  Indian  Territory  and  Arkansas. 
In  this  delineation  Marcou's  knowledge  proved  to  be  superior  to 
that  of  his  reviewers.  The  "Devonian  "  is  not  well  shown,  being 
made  essentially  continuous  from  Central  New  York  nearly  due  west 
to  the  Missouri  River  north  of  Council  Bluffs,  instead  of  being  in- 
terrupted in  Northern  Ohio  and  Illinois.  The  areas  in  west  Tennes- 
see and  southeast  Missouri  are  immensely  exaggerated.  The  "  Silu- 
rian" includes  the  Cambrian  of  to-day,  and  in  a  general  way  the 
representation  of  the  Silurians  is  like  that  of  the  later  map^,  save 
the  exaggeration  of  the  areas  near  Hudson's  Bay  and  north  of  Min- 
nesota. 

The  principal  improvements  upon  this  map  are:  1,  better  out- 
lines of  the  Appalachian  and  Missouri  coal-fields;  2,  more  exact 
representation  of  the  Cretaceous  in  Mississippi  and  Arkansas;  3, 
addition  of  the  Tertiary  in  Nebraska;  4,  more  correct  connection 
of  the  Adirondack  with  the  Canadian  crystallines  ;  5,  separation 
of  the  Silurian  of  Southern  Minnesota  and  Manitoba  by  a  crystalline 
barrier. 

Certain  defects  are  apparent :  1.  The  Trias  is  represented  as  ex- 
tending along  the  south  shore  of  Lake  Superior,  continuous  to  the 
Sweetwater  region;  whereas  such  of  the  band  as  exists  is  now  uni- 
versally referred  to  the  Potsdam.  2.  The  Adirondack  crystallines 
are  made  to  connect  with  those  of  the  Green  Mountains  of  Vermont. 
3.  The  crystallines  are  made  to  extend  northwesterly  from  Minnesota 
to  Montana,  and  there  is  delineated  a  broad  northeast  spur  of  the 
same  from  the  Sweetwater  to  include  the  Black  Hills.  4.  The  De- 
vonian west  and  south  of  Cleveland,  Ohio,  is  incorrectly  shown. 
This  map  was  criticised  with  great  severity  in  the  American  Journal 
of  Science  shortly  after  its  publication. 

The  maps  of  Hitchcock  and  Marcou  were  published  in  the  same 
year,  but  there  is  no  evidence  that  either  author  saw  the  other's 
work,  although  Marcou  claims  that  his  was  copied  by  Hitchcock. 
I  have  very  carefully  compared  the  two,  and  have  been  unable  to 
find  any  evidence  that  the  slightest  use  was  made  of  Marcou's  map. 
On  the  contrary,  if  it  had  been  available,  the  various  improvements 
specified  above  would  certainly  have  been  utilized. 
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Marcou's  Map  of  1858. 

In  1855  Marcoii  published  another  map,  extending  from  New- 
foundhmd  to  the  Pacific,  embodying  the  results  of  later  original 
work,  especially  that  made  for  the  Pacific  railroads.  Several  edi- 
tions of  it  have  appeared  since;  and,  perhaps,  the  edition  of  1858 
will  be  the  most  convenient  one  to  describe,  representing  a  more 
mature  judixment  after  various  criticisms  from  friendly  and  hostile 
sources.  It  appeareil  in  a  quarto  volume,  entitled  llie  Geology  of 
North  America.  It  shows  twelve  distinctions,  besides  the  dotted 
line  indicating  the  southern  limit  of  the  Terrain  erratigue  du  Novel. 
They  are:  1.  Terrain  modei'ne,  comprising  chiefly  Florida  south  of 
lat.  30°,  and  the  Mississippi  valley.  2.  Terrain  tertiaire,  being 
mainly  the  Atlantic  and  Gulf  plains,  with  the  California  basin,  a 
long  strip  on  the  coast  of  Oregon  and  Washington  Territory,  and  a 
very  small  Mauvais  Terres  in  Nebraska  and  Dakota.  3.  Terrain 
eretace,  the  strip  between  Georgia  and  the  mouth  of  the  Ohio  River, 
a  second  from  Little  Rock  through  Texas,  numerous  small  patches 
on  the  plains  up  to  lat.  45°,  and  a  little  in  the  valley  of  the  Rio 
Grande,  4.  Terrain  jurassique,  considerable  areas  between  lati- 
tudes 30°  and  40°,  and  between  longitudes  100°  and  110°.  5. 
Terrain  du  nouveau  Gres  rouge,  embracing  the  sandstones  upon  the 
Atlantic  border,  the  Lake  Superior  sandstone  [Potsdam]  continued 
to  the  plains,  where  it  seems  to  be  the  principal  rock  as  far  south 
as  Texas,  having  a  width  of  about  8°  of  longitude,  and  a  very  large 
area  from  lat.  35°,  and  the  mouth  of  the  Rio  Virgen  northeast  to 
the  Black  Hills.  6.  Carbonifire  sup.  ou  Tlouille,  ail  the  Eastern 
coal-fields  essentially  correct,  but  adding  Vancouver's  Island  and  a 
small  area  in  Oregon.  7.  Carbonifere  inf.  ou  Calcairede  3fontagne, 
a  narrow  strip  bordering  the  Eastern  coal-fields.  8.  Terrain  devo- 
nien,  from  New  York  to  Alabama  east  of  the  Appalachian  coal- 
field, and  westerly  direct  to  Minnesota,  also  in  the  lower  Michigan 
})eninsula.  9.  Terrain  silurien,  covering  the  St.  Lawrence  valley, 
from  the  Gulf  of  St.  Lawrence  southerly  to  embrace  four-fifths  of 
Maine,  from  Eastern  Xew  York  to  Minnesota  and  southwest  along 
the  Appalachian  valley,  the  Cincinnati  and  Nashville  islands,  much 
of  Missouri,  a  large  area  south  of  Hudson  Bay,  longitude  70°  to 
102°,  and  west  of  the  Lake  of  the  Woods.  10.  Roches  eruptives  et 
meiarnorpjhiques,  most  of  Nova  Scotia  and  New  England,  except 
most  of  Maine  (and  this  area  adjoins  the  Adirondacks  at  Whitehall, 
N.  Y.,  separating  the  Silurian  of  the  Champlain  and  Hudson  val- 
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leys),  and  the  color  is  continuous  to  the  Lake  of  the  Woods;  the 
Atlantic  region,  the  small  areas  of  Missouri,  Arkansas,  Texas, 
Indian  Territory,  also  from  Marquette  to  Dakota,  narrow  strips 
along  the  front  range  of  the  Rocky  Mountains  which  are  continuous 
to  the  Black  Hills  ;  New  Mexico  and  Arizona  south  of  latitude  35° 
and  west  of  the  Rio  Grande,  and  nearly  the  whole  country  west  of 
113°  to  the  Pacific.  Between  long.  99°  and  109°  and  lat.  49°  to  50°, 
most  of  Dakota,  Montana,  Idaho,  and  Washington  is  left  blank. 
11  and  12.  Trapp  eiiprifire,  about  Lake  Superior  and  a  dozen  small 
volcanic  areas  in  the  Rocky  Mountain  district.  It  is  easy  to  recog- 
nize in  this  later  map  the  peculiarities  of  the  first  coloration.  It 
shows  improvements  in  the  delineation  of  the  coal  of  Indian  Terri- 
tory and  Texas,  the  Sacramento  and  San  Joachin  Tertiary  basin,  the 
recognition  of  the  Jura  and  Trias  in  New  Mexico  and  Arizona.  It 
is  defective  in  the  exaggerated  spread  of  the  western  Jura  and  Trias, 
and  the  consequent  absorption  of  most  of  the  Cretaceous.  The 
advice  of  critics  seems  to  have  been  followed  in  the  correction  of  the 
Devonian  and  the  several  Eastern  coal-fields,  but  not  in  the  presen- 
tation of  the  boundaries  of  States. 


Map  OF  H.  D.  Rogers. 

This  was  published  in  Keith  Johnson's  Physical  Atlas  of  Natural 
Phenomena,  Edinburgh,  1856.  In  volume  ii.  of  the  Geology  oj 
Pennsyhania  is  a  sketch  descriptive  of  the  distribution  of  the  rocks 
in  the  United  States,  which  is  probably  the  same  with  that  in  the 
Atlas.  It  is  several  years  since  I  have  seen  this  map,  but  I  re- 
member that  it  was  an  improvement  over  the  earlier  ones  of  E. 
Hitchcock  and  Jules  Marcou. 


Map  of  Hall  and  Lesley. 

This  illustrates  the  general  geological  features  of  the  country  west 
of  the  Mississippi  River.  It  was  published  in  volume  I.  of  Emory's 
Report  of  the  United  States  and  Mexican  Boundary  Survey  in  1857. 
This  is  the  proper  supplement  of  Professor  Hall's  earlier  map  east 
of  the  Mississippi  described  above.  The  distinctions  are  as  follows  : 
1.  Desert  Quaternary.  2.  Tertiary.  3.  Uj)per  and  middle  Creta- 
ceous.    4.  Lower  Cretaceous.     5.  Upper  Carboniferous  limestone. 
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6.  Coal  Measures.     7.  Lower  Carboniferous  limestone.     8.  Devo- 
nian.    9.   Upper  Silurian.     10.  Motamorpliic.     11.  Lava  and  other 
icrne<His  rocks.     The ''desert  quaternary  "  designation  is  applied  to 
alluvial  valleys  like  the  Willamette  in  Oregon  and  the  Sacramento 
in  California.     Tertiary  is  applied  to  all  the  Cenozoic  deposits  in  the 
Mississii>pi  valley  and  Texas,  the  old  "lignite  Tertiary"  [Laramie 
group]  of  the  Upper  Missouri,  the  Miocene  of  Nebraska,  several 
small  patches  of  Eocene  in  Wyoming  and  Utah,  the  Eocene  of  North- 
ern Xew  Mexico,  and   to  the  upper  portions  of  the  Llano  estacado, 
mainlv  in  the  same  territory.     The  Cretaceous  is  made  continuous 
from  Cairo,  111.,  to  join  the  great  Texas  area;  and  the  eastern  border 
of  the  main  deposit  in  Texas  extends  from  the  Rio  Grande  at  100° 
long,  to  Fort  Belknap,  leaving  a  large  blank  space  between  this  and 
the  Tertiary.     The  eastern  border  runs  about  due  north  from  Fort 
Washita  to  ^lanitoba,  curving  easterly  to  nearly  touch  the  westerly 
ben<l  of  the  Mississippi  in  Minnesota.     The  western  border,  belong- 
ing mostly  to  the  upper  members  of  the  Cretaceous,  proceeds  nearly 
due  northwest  from  the  Rio  Grande,  at  Presidio  del  Norte,  to  lat. 
37°,  long.  113°,  quite  near  the  Colorado  River;  thence  it  curves 
easterly  of    the    Wahsatch    range,   afterwards   both  westerly    and 
easterly  till  it  joins  the  Canadian  boundary  at  long.  114°.     Within 
this  area  are  such  islands  as  the  Black  Hills,  the  front  range  of  the 
Rockies  between  Pike's  Peak  and  the  head  of  Green  River,  and  sup- 
posed Archean  between  Albuquerque  and  the  bend  of  Grand  River 
in  Western  Colorado.     This  generalization  has  overlooked  the  im- 
mense volcanic  development  of  Southern  Colorado  and  New  Mexico, 
and  ranks  the  Three  Tetons  as  Cretaceous.     There  is  no  Cretaceous 
shown  west  of  114°  long,  except  Vancouver's  Island.     The  Upper 
Carboniferous  limestone  seems  to  correspond  to  the  Permian  of  later 
designation  from  Iowa  to  Fort  Washita.     Further  west  it  occurs  in 
long  narrow  ridges,  as  in  the  Guadeloupe  mountains ;  two  ranges  east 
of  the  Rio  Grande  in  New  Mexico  and  continuous  nearly  to  Pueblo, 
Col. ;  a  long  strip  from  the  southeast  corner  of  Arizona  nearly  to 
the  mouth  of  the  Rio  Colorado  Chiquito,  and   the  east  base  of  the 
Rocky  Mountains  in  Montana.     The  Coal   Measures  give  us  the 
Illinois  field  in  a  dozen  small  isolated  outliers,  and  the  Missouri 
field  is  quite  well  shown,  but  that  in  Texas  is  not  attempted  to  be 
delineated.     The  Lower  Carboniferous   limestone   is   rather   larger 
than  the  later  maps  give  it  from  Alabama  to  Iowa,  and  in  Western 
Missouri  and  Arkansas.     The  Devonian   is  made  continuous  from 
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the  western  part  of  Lower  Micliigan  and  Indiana  to  the  edge  of 
Minnesota  through  Iowa.  The  Upper  Silurian  is  correctly  shown 
in  a  general  way  along  Lake  Michigan  and  across  to  Southern  Min- 
nesota. The  same  is  true  of  the  Lower  Silurian  in  Wisconsin, 
Missouri,  and  the  various  primordial  patches  at  the  east  base  of  the 
Rocky  Mountains.  The  "  Metaraorphic"  includes  the  Archean  of 
the  south  shore  of  Lake  Superior,  connected  directly  with  the  same 
rocks  in  Northeastern  Minnesota  and  Canada,  but  is  oblivious  of  the 
great  Archean  of  Southwest  Minnesota.  Most  of  Arizona,  the  mid- 
dle of  the  Lower  California  peninsula,  the  Sierra  Nevada,  continuous 
along  the  axis  of  the  Cascade  Mountains  almost  to  the  Columbia 
River,  and  repeated  north  of  that  river,  expanding  to  lat.  117°,  are 
all  colored  in  the  same  way.  It  is  also  evidently  the  view  of  the 
authors  that  this  metamorj)hic  area  is  continuous  from  Southeast 
Arizona  and  east  of  Salt  Lake  City,  to  the  Canadian  boundary  at 
long.  114°.  The  area  between  the  Wahsatch  and  Sierra  Nevada, 
with  a  corresponding  tract  both  north  and  south,  is  mostly  left  blank 
between  Arizona  and  Columbia,  but  there  are  scores  of  very  small 
metamorphic  patches  along  the  40th  parallel  district,  and  the  great 
plateau  regions  of  the  Colorado  River.  The  authors  regard  the 
metamorphic  rocks  as  of  different  ages,  but  all  more  recent  than  the 
Archean.  The  Sierra  Nevada  area  is  thought  to  be  of  the  same  age 
with  those  of  the  Appalachian  chain  ;  the  eastern  range  is  conjec- 
tured to  be  newer.  But  "the  auriferous  quartz  veins  of  California 
are  the  same  in  character,  in  age,  and  origin,  as  those  traversing  the 
metamorphic  rocks  of  the  great  Eastern  chain  from  Canada  to 
Georgia."  Lava  is  very  well  shown  from  Mt.  Shasta,  along  the 
Cascade  Mountains,  and  in  Washington  Territory.  The  sandstones 
of  Lake  Superior  are  correctly  labelled,  with  accompanying  igneous 
extrusions.  The  rocks  of  Coahuila,  Chihuahua,  and  Eastern  Sonora, 
of  the  Republic  of  Mexico,  are  also  quite  largely  shown.  It  may 
be  said  of  this  map  that  its  generalizations  agree  better  with  the 
latest  delineations  than  those  of  any  of  its  predecessors.  It  is  drawn 
upon  the  scale  of  1  :  6,000,000.  There  is  no  special  mention  of  this 
map  in  any  part  of  the  accompanying  report. 

Geological  Map  of  Canada,  etc. 

The  finest  of  all   our  American   maps   is  that  published  by  the 
Government  of  Canada  in   1869  (dated  1866).     Sir  W.  E.  Logan 
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devoted  manv  vears  to  its  collaboration.  A  preliminary  sketch  of 
it,  upon  a  small  scale,  appeared  in  1865,  and  tlie  accompanying 
text  citeil  the  numerous  authorities  called  upon  tor  the  extra-limital 
portions.  Because  of  the  peculiar  shape  of  tiie  Canadas  a  consider- 
able United  States  territory  is  necessarily  included,  and  even  more 
was  represented.  Its  southern  limit  is  the  latitude  of  Baltimore  and 
St.  Louis,  the  western  extends  from  long.  98°  on  the  south  border 
of  Kansas  to  long.  102°  at  the  intersection  of  lat.  53°.  For  the 
territorv  embraced  within  the  limits  of  the  United  States  the  delin- 
eation follows  the  views  of  Prof.  James  Hall.* 

The  following  is  the  title  and  explanation  of  this  map : 
''Geological  map  of  Canada  and  the  adjacent  regions  including 
part  of  other  British  Provinces  and  of  the  United  States.  The 
geology  of  Canada  being  derived  from  the  results  of  the  Canadian 
Geological  Survey,  that  of  the  other  British  Provinces  from  the 
laboi-s  of  Dr.  J.  W.  Dawson,  Professors  James  Robb,  J.  B.  Jukes 
and  others,  while  that  of  the  United  States  is  compiled  under  the 
authority  of  Prof  James  Hall  from  various  sources  mentioned  in 
the  Atlas  of  the  Geology  of  Canada.  By  Sir  W.  E.  Logan,  F.K.S., 
etc.,  Director  of  the  Geological  Survey  of  Canada. 

"Compiled  and  drawn  by  Robert  Barlow,  Surveyor  and  Draughts- 
man, Montreal." 


*  Bulletin  Xo.  7,  published  by  the  U.  S.  Geological  Survey,  is  entitled  "  Mapotec.a 
Geologica  Americarui,  a  catalogue  of  geological  maps  of  America  (north  and  south), 
1752-1881  in  geographic  and  chronologic  order;  by  Jules  Marcou  and  John  Bel- 
knap Marcou,  1884."  It  professes  to  enumerate  every  geological  map  ever  published 
relating  to  American  geology,  together  witii  a  brief  statement  of  the  circumstances 
attending  its  publication  and  various  comments.  Some  of  our  statements  given  on 
previous  pages  are  at  direct  variance  with  those  of  the  Mapoteca,  and  more  in  ac- 
cordance with  the  views  of  American  geologists.  Since  this  chef  d'osuvre  of  Logan 
and  Hall  is  not  mentioned  in  the  Bulletin,  even  by  title,  the  publication  must  be 
compared  to  that  celebrated  performance  of  Hamlet  where,  owing  to  infelicitous 
circumstances,  the  part  of  Hamlet  was  omitted. 
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Lower  Silurian. 

5.  Calcifcrous, 

4.  Potsdam, 

3.  Huronian. 

2.  Upper  Laurentian  or  Labrador. 

1.  Lower  Laurentian. 

1.  Greenstone, 
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Intrusive. 

This  map  shows  the  minuter  subdivisions  of  the  stratigraphical 
column,  and  it  will  not  be  advisable  to  comment  upon  them  except 
in  a  very  general  way:  1.  We  here  first  find  the  divisions  of 
the  lower  crystallines — Lower  Laurentian,  Upper  Laurentian,  or 
Labrador  and  Huronian.  2.  Logan's  views  as  to  the  identity  of 
the  Eastern  Canadian  and  New  England  crystalline  rocks  with 
Silurian  beds  are  here  embodied.  The  greater  part  of  the  Levis, 
Lauzon,  and  Sillery  series  were  thought  to  represent  the  gradual 
passage  of  fossiliferous  into  metamorphic  rocks.  Logan's  successor 
in  office,  and  most  American  geologists,  are  now  convinced  of  the 
error  of  this  supposed  identification.  3.  The  following  minor  de- 
tails are  characteristic:  The  typical  Huronian  area  is  only  partially 
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shown  :  ami  it  is  interesting  to  see  what  an  enormons  eonntrv  is 
occupieii  by  it,  as  seen  on  our  map.  Tlie  qiiartzites  and  rehitod  rooks 
from  the  northwest  eorner  of  Iowa  througli  Minnesota  to  hititnde 
46-^  in  Dakota,  inehulino;  the  famous  pipestone,  are  ealled  Hnronian, 
and  the  area  as  represented  is  too  large.  The  same  designation  is 
applieil  to  the  crvstallines  of  Minnesota,  from  the  international 
boundary  near  Vermilion  Lake  to  the  Minnesota  River.  The  Hu- 
ronian  is  identified  on  the  south  side  of  Lake  Superior,  and  there 
are  |KHniliarities  in  the  nomenclature  of  the  later  rocks,  as  in  the 
use  of  the  term,  Quebec  group.  A  very  considerable  area  of  the 
Onondaga  Upper  Silurian  is  located  around  the  Lake  of  the  Woods, 
now  known  to  consi^^t  only  of  transported  boulders.  The  later 
smaller  map  of  Logan's  (though  published  earlier)  gives  a  greater 
southward  extension  to  the  Lower  Silurian  and  Devonian  of  Mani- 
toba than  is  justified  by  later  investigations.  The  latter  group  is 
made  to  extend  through  Dakota  and  Minnesota  to  connect  with  the 
same  rocks  in  Iowa.  The  Illinois  coal-field  is  correctly  shown, 
having  been  altered  from  the  representation  of  Professor  Hall 
in  1858. 

The  Maps  of  the  Ninth  Census. 

In  connection  with  Prof  W.  P.  Blake,  the  author  prepared  geo- 
logical maps  of  the  United  States  for  the  Ninth  Census,  under  the 
direction  of  Gen.  F.  A.  Walker,  of  which  the  first  edition  accom- 
panied the  quarto  report  of  the  Superintendent,  1872.  A  different 
etlition  of  precisely  the  same  map  appeared  in  Dr.  R.  W.  Ray- 
mond's report  upon  mining  statistics,  addressed  to  the  Secretary  of 
the  Treasury  of  the  United  States  in  the  same  year.  In  1874  a  re- 
vised edition  of  the  same  was  published  in  Walker's  Physical  Atlas 
in  connection  with  other  matters  derived  from  the  census-material. 
It  will  not  be  important  to  state  the  differences  existing  between  the 
first  and  last  of  these  editions,  save  that  they  are  considerable,  to  say 
nothingof  the  difference  in  the  scale.  Theauthors  preferto  have  their 
names  connected  with  the  later  issue,  and,  therefore,  that  alone  will  be 
described.  It  is  entitled  "Geological  Map  of  the  United  States,  com- 
piled by  C.  H.  Hitchcock  and  W.  P.  Blake,  from  sources  mentioned 
in  the  text,  1874."  The  scale  is  ff^^^,  or  the  same  with  that  issued 
in  connection  with  this  paper.  The  explanation  of  the  colors  is  the 
following:      "1.  Eozoic.     2.  Cambrian   and  Silurian.      3.  Devo- 

VOL.  XV. — 31 
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nian.      4.  Carboniferous   and    Permian.     5.  Triassic  and  Jurassic. 
6.  Cretaceous.     7.  Tertiary.     8.  Alluvium.     9.  Volcanic."* 

The  list  of  authorities  upon  which  the  first  edition  was  based,  is 
given  in  the  quarto  report  of  the  Superintendent  of  the  Ninth 
Census,  and  some  further  explanations  in  the  text  of  Walker's 
Physical  Atlas.  A  more  detailed  map  of  the  coal-measures  accom- 
panies the  second  edition,  with  explanations.  Several  points  of 
importance  are  the  following:  1.  The  use  of  a  single  color  for  all 
the  crystallines — both  those  recognized  as  Archean,  and  those  thought 
to  be  metamorphic  Paleozoic  by  some  authors — puts  rocks  of  a  kind 
together  and  foreshadows  the  truth  of  the  doctrine  that  all  of  them 
are  pre-Cambrian.  2.  The  characteristic  peculiarities  of  the  West 
are  clearly  exhibited  as  a  whole,  while  the  minuter  details  may  be 
defective.  Such  is  the  great  development  of  volcanic  rocks ;  the 
short  Basin  ranges  centering  in  Nevada,  but  covering  most  of  Idaho 
and  parts  of  Montana;  the  plateaux  of  the  Colorado  Canon  neigh- 
borhood; the  large  Tertiary  lakes;  the  enormous  stretches  of  desert 
Quaternary  and  the  fundamental  Archean.  3.  A  prominent  feature 
is  the  gypsum  formation  or  Trias  of  Indian  Territory  and  Texas, 
which  is  curtailed  on  the  later  map,  and  absorbed  into  the  Creta- 
ceous by  McGee. 

The  Author's  Map  of  1881. 

Early  in  1881  Julius  Bien,  of  New  York,  undertook  the  publi- 
cation of  a  small  edition  of  a  geological  map  of  the  United  States, 
upon  the  scale  of  twenty  miles  to  the  inch.  It  was  designed  to  be 
used  as  a  wall-map  in  connection  with  lectures  or  class-instruction. 
A  pamphlet  accompanied  each  map,  descriptive  of  the  authorities 
followed  in  its  construction,  which  need  not  be  restated  here.  The 
following  is  its  explanation  :  1.  Quaternary.  2.  Newer,  3.  Middle, 
4.  Older  Tertiary.  5.  Laramie  or  Lignite  Tertiary.  6.  Creta- 
ceous. 7.  Jurassic  and  Triassic.  8.  Permo-Carboniferous  (Per- 
mian). 9.  Upper  Coal-Measures,  usually  above  Pittsburgh  coal. 
10.  Lower  Coal-Measures,  including  the  Millstone  grit.  11.  Lower 
or  Sub-Carboniferous.     12.  Devonian,  Catskill  to  Oriskany.     13. 

*  "There  may  be  some  metamorphic  Paleozoic  formations  included  in  the  Atlan- 
tic portion  of  the  P]ozoic.  In  the  western  portion  the  metamorpliic  Mesozoic  forma- 
ti(ms  are  only  partially  separated  from  it.  The  Paleozoic  system,  and  the  Cenozoic 
system,  are  not  subdivided  west  of  100°  W.  long.,  Greenwich,  except  in  the  case  of 
a  few  post-Tertiary  lacustrine  areas  and  deltas." 
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Upper  Silurian,  Lower  Helderberg  to  Oneida.  14.  Lower,  or 
Canibro-Silurian,  Lorraine  or  ILul^on  River  to  Calciferons  saiul- 
r»x«k.  15.  Canihrian.  16.  Huroniun.  IV.  Gneiss  of  Atlantic 
sloj>e,  inehuling  Montalban  and  nietamorphio  Paleozoic.  18.  Lab- 
rador, or  Xorian.  19.  Laurentian.  20.  Volcanic.  21.  Granite. 
The  usual  combinations  of  these  divisions  into  Cenozoic,  Me- 
sozoic,  Palei>zoic,  and  Eozoic  or  Archean,  are  indicated  by 
brackets.  "  Areas  within  which  the  reference  is  uncertain,  are 
indicated  by  dots  (broken  colors).  The  southern  margin  of  the 
Eastern  Americnin  ice-sheet  and  the  terminal  moraines  east  and  west 
of  Ohio  are  shown  by  red  lines.  A  broken  yellow  line,  north  of 
Manitoba,  marks  the  outline  of  Lake  Agassiz."  The  colors  em- 
ployed are  lemon-yellow  for  Quaternary;  yellows  for  the  Tertiary; 
yellow-green  for  Laramie;  blue-green  for  Cretaceous  ;  burnt  sienna 
for  Jura  and  Trias  ;  medium  blue  for  Permian  ;  two  shades  of  sepia 
for  Coal-Measures  ;  light  blue  for  Lower  Carboniferous  ;  light  purple 
for  Devonian ;  cobalt  blue  for  Upper  Silurian  ;  dark  Prussian 
blue  for  Lower  Silurian  ;  reddish-purple  for  Canibrian  ;  shades  of 
pink  and  red  for  Archean  ;  bright  carmine  for  granite,  and  vermilion 
for  Volcanic. 

The  object  of  this  map  was  to  show  as  many  divisions  as  possible 
without  regard  to  their  comparative  structural  importance.  Hence 
the  Coal  Measures  were  separated  from  the  Permian  above  and 
themselves  divided,  thus  giving  for  the  Permo-Carboniferous  four 
distinctions,  while  the  two  systems  of  the  Trias  and  Jura  were  com- 
bined. 

A  few  differences  in  detail  between  this  large  and  our  later  small 
map  are  these:  we  see  that  Cambrian  has  been  added  at  the  ex- 
pense of  the  Lower  Silurian  of  Missouri;  the  Triassic  is  slightly 
mcxlified  through  Indian  Territory,  Texas,  and  New  Mexico.  On 
the  large  map.  Western  Montana  and  Eastern  Idaho  are  incorrectly 
covered  by  the  broken  pink  color;  the  volcanic  does  not  connect 
the  overflow  of  Southern  Idaho  with  that  of  California ;  many 
patches  of  erui)tive  granite  apj)ear,  or  all  that  had  till  then  been 
described  by  any  American  geologist;  Lake  Agassiz  has  a  full  repre- 
sentation, partly  by  reason  of  ignorance  of  the  distribution  of  the 
underlying  rocks.  Because  the  Quaternary  entirely  covered  the 
sf)lid  substratum,  Logan  and  Hall  made  the  Devonian  and  Silurian 
of  Manitoba  to  connect  with  the  same  series  in  Iowa. 
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McGee's  Map. 

Allusion  has  already  been  made  to  the  latest  of  all  the  U.  S.  maps 
by  W  .  J,  McGee,  compiled  by  the  authority  of  the  Director  of  the 
U.  S.  Geological  Survey.  The  list  of  authorities  employed  in  its 
construction  is  fully  stated  by  the  author  in  the  Fifth  Annual 
Report  of  the  U.  S.  G.  S.     Its  scheme  is  the  following: 
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or 
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Period  or  Group. 

Color. 

Letter 
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' 

Includes  recent  deposits. 
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f  Quaternary, 
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Q., 
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. 

. 
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Neocene, 

Lifrht  yellow. 

N. 

Pliocene  and  Miocene. 

^  Eocene, 

Dark  yellow. 

E., 

Including  Oligocene. 

Mesozoic, 

/  Cretaceous, 

\  Jurasso-Triassic, 

Liglit  green, 

K. 

Including  Laramie. 

Dark  green, 

T., 

Jurassic  and  Triassic. 
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P., 
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Permian,  Coal  Measures 
and  Sub-Carboniferous. 

Devonian, 

Dark  purple. 

D., 

Paleozoic, 

1  Silurian, 

Light  purple. 

S., 

{ 

f 

UpperSiiurian  and  Low- 
er Silurian. 
All  rocks  between  sum- 

[ Cambrian, 

Deep  purple, 

c, 

1 

mit    of    Potsdam    and 
summit  of  Hnronian. 

Azoic 

f  Archean, 

Brown, 

A. 

{ 

All  non-volcanic  crystal- 

I                 ■ 
I  Volcanic, 

lines. 

Red, 

V. 

All  eruptives. 

Through  error  on  the  part  of  the  lithographer  and  oversight  on 
the  part  of  the  proof-reviser  the  colors  on  the  accompanying  im- 
pressions of  the  maj)  may  depart  slightly  from  this  scheme.  It  was 
intended  to  follow  the  scheme  of  coloration  proposed  in  the  Second 
Annual  Report. 

Because  of  the  scarcity  of  existing  and  available  information  it 
became  necessary  to  leave  the  following  States  and  Territories  either 
partially  or  wholly  uncolored  :  Arizona,  California,  Idaho,  Montana, 
Nevada,  New  Mexico,  Oregon,  Texas,  Utah,  Washington.  The 
published  authorities  made  use  of  in  the  compilation  are  mostly  the 
same  with  those  consulted  in  the  preparation  of  the  author's  map 
of  '81 ;  but  there  is  in  addition  a  long  list  of  manuscript  maps 
specially  furnished  for  the  States  of  Alabama,  Arkan.sas,  Delaware, 
Georgia,  Indiana,  Iowa,  Louisiana,  Maryland  in  part,  Minnesota, 
Missouri  in  part,  New  York  in  part.  North  Carolina  in  part,  Penn- 
sylvania, South  Carolina  in  part,  Texas,  Virginia  in  part,  and  Indian 
Territory. 
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Among  otlier  peculiarities  the  following  may  be  noted  in  the  ie[)rc- 
sentation  of  the  distribution  of  the  colors:  On  the  Atlantic  coast  the 
Quaternary  has  been  eliminated  from  Long  Island  and  North 
Camlina.  The  crystalline  rocks  of  Manhattan  Island  and  the  ex- 
tension of  the  same  northerly  are  delineated  as  Silurian.  The  gypsum 
areas  (^Triassic)  of  Kansas,  Lulian  Territory,  and  Eastern  New 
Mexico  are  incorporated  with  the  Cretaceous.  In  Missouri  a  Cam- 
brian area  is  made  to  encircle  the  Archean  Islands.  The  Archean 
of  Texas  is  referred  to  the  Cambrian.  The  Quaternary  of  the  Cross 
Timbers  in  TextiS  is  restored,  it  having  been  shown  on  the  early 
Census  maps.  On  the  Rio  Grande  in  Texas,  the  Eocene  is  made  to 
cover  an  enormous  breadth.  A  few  unimportant  outliers  of  Tertiary 
in  Dakota,  as  given  on  Hayden's  Reynolds'  map,  have  been  omitted. 
In  Dakota  ami  Minnesota  a  very  large  area  is  colored  as  Quaternary 
because  of  the  scarcity  of  the  underlying  rocks.  The  terra  Volcanic 
is  defined  as  covering  all  eruptives.  The  older  eruptive  granites  are 
not,  however,  represented,  with  the  exception  of  a  few  small  granitic 
arftis  in  Western  Nevada,  which  n)ay  possibly  prove  to  be  truly 
Volcanic.  The  eruptive  rocks  on  the  south  shore  of  Lake  Superior 
and  of  the  Atlantic  border  should  have  been  colored,  if  this  definition 
of  Volcanic  were  carried  out. 

Improvements  of  Representation  in  the  Institute  Map. 

1.  The  adoption  of  the  colors  and  classification  proposed  by  the 
International  Congress.  2.  Extension  of  the  colors  into  the  States 
and  Territories  of  the  far  West.  3.  Extension  of  the  colors  into 
Canada  to  the  limits  of  the  map.  4.  Representation  of  the  under- 
lying rocks  in  place  of  the  indefinite  Quaternary  in  Minnesota  and 
Dakota,  following  the  notes  of  Warren  Upham  for  Minnesota.  5, 
Division  of  the  Archean  into  Laurentian  and  Huronian  east  of 
the  Black  Hills.  6.  Representation  of  the  gypsum  rock  in  Indian 
Territory,  Texas,  and  New  Mexico  as  Trias,  in  accordance  with  general 
usage  up  to  the  present  time.  7.  Incorporation  of  the  data  afforded 
by  Professor  K.  Pumpelly  and  Mr.  Bailey  Willis  for  portions  of 
Montana,  Idaho,  and  Washington.  8.  Use  of  the  generalization  of 
Professor  W.  P.  Blake  of  the  extension  of  the  Basin  range  structure 
into  Idaho  and  part  of  Montana.  It  must  be  understood  that  the 
cjolors  in  this  region  are  designed  to  show  the  idea  of  the  distribution 
in  narrow  ranges,  with  a  disregard  of  exact  detail.  9.  The  Jura  is 
separated  from  the  Trias.     10.  Various  minor  improvements,  as  the 
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delineation  near  the  Atlantic  and  Pacific  R.R.  in  New  Mexico,  after 
Dntton  ;  Carboniferous  patches  in  Northern  California,  after  J.  S. 
Diller;  extension  of  the  Basin  ranges  into  the  southeastern  part  of 
California,  after  facts  reported  by  the  Wheeler  survey;  volcanic 
sheets  of  California  connecting  with  those  of  Idaho. 

The  representation  of  California  is  not  satisfactory.  According 
to  the  conclusions  of  Professor  C.  A.  White  and  Mr.  G.  F.  Becker, 
the  auriferous  slates  of  the  Sierra  Nevada  slope  carry  Jurassic  fossils. 
On  our  earlier  maps,  a  similar  reference  is  given  upon  the  authority 
of  Professor  W.  P.  Blake.  Professor  J.  D.  Wiiitney  holds  a  similar 
opinion,  and  he  gives  us  data  also  for  calling  the  crystalline  rocks  of 
the  Coast  range  Cretaceous.  In  deference  to  such  an  imposing  array 
of  names,  these  crystalline  rocks  in  the  two  mountainous  districts  are 
colored  as  Jurassic  and  Cretaceous  metamorphic.  Inasmuch  as  the 
Carboniferous  limestone  is  clearly  identified  in  the  midst  of  the 
auriferous  slates,  the  author  cannot  understand  why  the  older  system 
should  not  be  used  to  define  the  age  of  the  crystalline  beds  rather 
than  the  later  one;  especially  in  view  of  Mr.  Diller's  opinion  that 
even  the  Carboniferous  is  newer  than  the  slates.  Near  the  inter- 
national boundary  is  another  series  of  crystalline  schists,  which  are 
probably  closely  allied  to  thoseof  the  Sierra  Nevada,  and  are  referred 
to  the  Paleozoic  by  Dr.  Selwyn,  of  the  Canadian  Survey.  Professor 
Pumpelly  does  not  give  any  opinion  of  their  age,  and  our  delineation 
has  followed  the  expressed  conclusion  of  Dr.  Selwyn. 

The  author's  experience  in  tracing  out  the  discordances  between 
the  few  fossiliferous  remnants  and  the  crystalline  rocks  of  New  Eng- 
land leads  him  to  believe  that  the  fossils  of  the  Sierras  will  eventually 
prove  to  belong  to  limited  outliers  altogether  independent  of  the 
auriferous  slates;  but  his  explorations  in  the  West  have  not  been 
sufficiently  extensive  to  warrant  a  departure  from  the  usual  view, 
at  present. 

The  author  is  not  satisfied  with  the  change  of  the  Quaternary  of 
Long  Islan  1  and  of  Eastern  North  Carolina,  particularly  the  sand 
spits,  to  Tertiary  upon  the  Government  map.  The  evidence  is  said 
to  be  satisfactory,  in  a  private  letter  from  Mr.  McGee.  One  does 
not  understand  why  the  same  change  should  not  have  been  made 
also  in  New  Jersey,  inasmuch  as  Professor  Cook  has  stated  that  the 
Tertiary  underlies  the  Quaternary  there. 

In  New  Brunswick  the  Cambrian  color  meets  abru[)tly  the  pink 
tint  of  the  Huronian  in  jNIaine,  the  absence  of  fossils  causing  the 
geologists   in   the  dilferent  territories  to  hold  discordant  opinions. 
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The  official  geologists  upon  both  sides  of  the  line  have  entertained 
l)oth  the>e  views  in  regard  to  the  age  of  these  slaty  rocks  at  different 
times.  The  trai>  roeks  of  Nova  Scotia  on  the  Bay  of  Fundy  and 
those  of  Grand  Manan  are  colored  Triassic.  The  granite  of  Char- 
lotte Co.,  X.  B.,  and  the  slates  in  the  neighborhood,  called  Cambro- 
Silurian  bv  Solwyn.  are  placed  in  the  Cambrian.  In  the  whole 
Canadian  part  of  our  map  the  designation  of  "  A.  B.  pre-Cambrian  " 
is  interpreted  to  mean  later  Archean,  and  is  colored  Huronian.  A 
Huronian  area  abont  the  head  of  Montreal  and  Abbitibbe  rivers  is 
e.xtendtnl  further  east  tiian  observations  warrant.  The  di>crepancies 
between  Selwyn's  map  and  that  of  Irving  in  the  Third  Annual  Re- 
port (U.  S.  G.  S.),  are  settled  by  following  each  author  upon  his  side 
of  the  international  boundary.  The  Keweenian  is  placed  with  the 
Caml)rian.  An  area  of  Cambrian  occupies  the  valley  of  the  upper 
Kootenav  river,  following  a  manuscript  designation  of  Selwyn's, 
which  did  not  appear  in  his  published  map.  In  Montana  the 
monogram  C  to  P  indicates  the  presence  of  the  whole  paleozoic 
column  and  the  impossibility  of  separating  the  several  systems  at 
present. 

The  changes  in  Minnesota  are  in  accordance  with  manuscript  notes 
of  Warren  Upham.  The  modifications  in  Montana  and  Washington 
are  from  manuscript  notes  of  Professor  Pumpelly  and  Mr.  Bailey 
Willis.  Oregon  is  mainly  from  my  map  of  1881,  as  modified  by 
the  same  gentlemen.  Idaho  follows  the  work  of  Pumpelly  every- 
where adjacent  to  the  Northern  Pacific  Railroad,  but  is  largely 
theoretical  in  the  central  portions.  The  census  map  of  1874  gave 
generalizations  of  that  section  of  that  country  which  seem  to  be  cor- 
rect. The  foundation  rock  is  Archean,  and  is  to  be  seen  in  the 
mountain  ranges.  Other  ridges  are  produced  by  hard  outcrops  of 
lower  and  higher  Paleozoic,  while  both  Mesozoic  and  Cenozoic  are 
present.  It  is  a  development  northerly  of  the  "Basin  ranges"  of 
Nevada,  which  are  also  characteristically  seen  in  S.  E.  California. 
In  Idaho  the  ridges  are  broader,  but  the  structure  is  like  that 
in  Nevada.  It  may  also  mark  the  gradual  passage  of  the  Basin 
ranges  into  the  ordinary  tyj)e  of  elevation.  The  presentation  of 
this  view  is  due  to  Prof  W.  P.  Blake,  and,  through  oversight,  was 
not  followed  by  the  present  author  in  the  large  map  of  1881.  The 
covering  of  these  narrow  ranges  by  lava,  north  of  Nevada,  has  led 
many  to  overlook  the  true  structure.  The  early  map  of  Hayden 
for  the  region  west  of  the  Cretaceous  in  Montana  has  been  much 
modified  by  Pumpelly. 
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Conclusions. 

From  this  sketch  of  the  several  maps  it  seems  legitimate  to  con- 
clude: 1.  That  every  geologist  who  has  occupied  a  definite  field  of 
labor  in  this  country  has  contributed  something  to  the  growth  of  the 
present  geological  map.  To  mention  those  whose  contributions 
have  been  serviceable  would  be  to  publish  a  catalogue  of  American 
geologists. 

2.  In  the  earlier  surveys  no  name  stands  more  prominent  than 
that  of  James  Hall. 

3.  For  the  region  of  the  Cordilleras  the  leaders  of  the  several 
Government  surveys,  Messrs.  King,  Hayden,  and  Powell,  have  dis- 
covered the  fundamental  principle  of  the  distribution  of  the  various 
systems. 

4.  The  color  scheme  of  the  International  Congress  agrees  in  many 
respects  with  the  usage  of  American  geologists  prior  to  1<S75. 
The  latter  commonly  used  yellow  for  the  Tertiary,  green  for  the  Cre- 
taceous, dark  gray  or  sepia  for  the  Carboniferous,  rose  or  carmine  for 
the  crystalline,  vermilion  for  the  volcanic,  and  the  former  propose 
to  continue  to  use  these.     Usage  has  varied  for  the  other  systems. 

5.  In  regard  to  nomenclature,  the  value  and  order  of  time-words 
and  stratigraphic  designations  have  never  been  based  upon  any  nat- 
ural relations.  Consequently  great  relief  is  afforded  by  a  majority 
vote  of  the  geologists  of  all  countries. 

Hence,  finally,  the  author  can  only  echo  the  recommendation  of 
the  American  Committee,  that  all  geologists  adopt  the  schemes  of 
coloration  and  of  nomenclature  proposed  by  the  International  Geo- 
logical Congress. 


THE  DUNNACHIE  CONTINUOUS  REGENERATIVE  OAS- 
KILN  FOR  BURNING  FIRE-BRICK,  POTTERY,  ETC. 

BY   THOMAS  EGLESTON,  PH.D.,  NEW  YORK  CITY. 

(St.  Louis  Meeting,  October,  1886.) 

The  adoption  of  the  regenerative  principle  for  burning  fire-bricks, 
pottery,  etc.,  has  been  delayed  beyond  wiiat  would  naturally  have 
been  expected,  because  there  has  been  until  recently  little  necessity  for 
high  heat  in  burning  such  material.     But  the  introduction  of  pro- 
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cesses  using  very  high  heats,  like  the  open-hearth  steel  and  the  hasic 
processes,  has  requiretl  special  attention  to  he  paid  to  fire-bricks.  It 
has  l)econie  necessary  not  only  to  have  the  bricks  of  a  much  better 
quality,  but  also  to  have  them  burned  at  a  much  higher  temperature 
than  formerly.  It  has  been  found  that  if  bricks  burned  at  a  low 
temperature  are  submittetl,  in  the  process  in  which  they  are  to  be 
uscil,  to  a  higher  tem[)erature  than  that  at  which  they  were  burned, 
tlu'v  are  likelv  to  undergo  considerable  change.  It  has  also  been 
found  that  in  burning  these  bricks  in  the  old  way,  serious  difficul- 
ties arise  frt)m  the  introduction  of  the  ashesof  the  fuel  into  the  brick. 
To  avoid  this  evil,  gas  was  first  employed  ;  but  the  regenerative  sys- 
tem has  not  been  used  until  recently.  It  is  quite  plain  from  the 
outset  that  the  regenerative  system  as  it  is  applied  to  the  ordinary 
furnace,  that  is,  having  the  products  of  combustion  passed  through  a 
checker-work,  whether  by  the  non-continuous  or  the  continuous  sys- 
tem of  regeneration,  would  not  be  applicable  to  the  burning  of  such 
material  as  pottery  and  brick,  even  though  the  fire-brick  should 
command  a  high  price  in  the  market.  Any  system,  to  be  successful, 
must  accomplish  two  things:  first,  regenerate  the  heat ;  and,  secondly, 
use  for  the  regeneration,  the  heat  contained  in  the  material  itself 
which  is  being  manufactured.  One  of  the  greatest  sources  of  waste 
of  fuel  in  metallurgical  operations  is  due  to  the  considerable  quantity 
of  heat  wasted,  by  being  taken  out  with  the  material  which  has  been 
burned,  when  it  leaves  the  furnace.  A  serious  loss  of  heat  in  burning 
pottery  and  bricks  is  incurred  while  the  bricks  which  have  been  fully 
burned  are  waiting  in  the  furnace  to  become  cool  enou<>;h  for  removal. 
If  this  heat  could  be  stored  up  and  used  in  the  process,  so  that  the  heat 
containefl  in  the  articles  being  manufactured  would  be  so  thoroughly 
utilized  that,  when  the  furnace  was  ready  to  be  discharged,  the  arti- 
cles would  be  very  nearly  cold,  there  would  be  a  very  great  gain. 
It  might  be  objected  that  the  time  lost  and  the  consequent  diminu- 
tion of  output  would  more  than  counterbalance  the  fuel  saved. 
This,  however,  has  not  proved  true  in  the  working  out  of  the  pro- 
cess by  the  few  furnaces  that  have  been  invented  to  accomplish 
thi-3  object  effectually.  To  secure  the  best  results,  it  is  not  only 
necessary  that  a  cheap  fuel  should  be  used,  but  that  all  of  it  should 
be  burned  and  turned  to  commercial  account  in  the  course  of  the  op- 
eration. There  are  comparatively  few  cases  where  this  principle  of 
heat-regeneration  by  means  of  abstracting  the  heat  from  the  article 
manufactured  has  been  applied.     It  will  undoubtedly  have  a  much 


490     THE   DUNNACHIE   GAS-KILN    FOR    BURNING    FIRE-BRICK,  ETC. 

further  extension,  and  its  application  will  be  of  the  greatest  interest  to 
manufacturers. 

The  successful  application  of  the  regenerative  principle  to  brick- 
making  involves  several  conditions.  One  of  these  is  that  the  radiation 
of  heat  from  the  outside  of  the  furnace  should  be  used  for  some  pur- 
pose or  reduced  to  a  minimum,  or  entirely  prevented.  Another  is, 
that  the  combustible  gases  should  be  consumed  at  the  point  where  the 
temperature  is  required  to  be  highest,  and  that  the  temperature  in 
the  chimney,  where  the  gases  are  discharged  from  the  furnace,  should 
be  only  sufficient  to  produce  the  draft  necessary  to  carry  them  off. 
Several  persons  have  turned  their  attention  to  the  subject  of  regen- 
erative kilns  for  burning  fire  brick.  One  of  the  most  successful  of 
these  is  Mr.  Jas.  Dunnachie,  of  Glasgow,  who,  in  September,  1881, 
introduced  his  furnace  at  the  Glenboig  Fire-brick  Works,  near  Glas- 
gow, and  subsequently  in  several  other  places.  The  old-fashioned 
Newcastle  kiln  shown  in  Plate  I.,  was  formerly  used  at  Glenboig, 
and  is  still  in  operation  there,  owing  to  the  fact  that  a  number  of 
kilns  of  this  type  were  in  good  order  at  the  time  the  regenerative 
kiln  was  started,  and  have  not  since  been  torn  down  ;  but  they  do 
not  burn  as  economically  as  the  latter. 

The  Dunnachie  kiln  consists  of  a  series  often  chambers  arranged 
five  in  a  row,  connected  with  each  other  by  underground  flues.  In 
Plate  II.  these  chambers  are  shown  with  a  flat  arch,  but  they  are 
usually  built  hemispherical.  The  arrangement  of  these  kilns  is 
shown  on  the  ground  plan.  Fig.  1.,  Plate  II.,  and  in  sections  2 
and  4  to  7.  The  chambers  are  numbered  1  to  5  on  one  side,  and 
6  to  10  on  the  other.  The  distances  between  the  two  sets  of  five 
chambers  is  20  feet.  This  space  and  the  whole  top  of  the  kiln  is 
covered  with  a  roof  as  shown  in  Fig.  2.  Under  this  roof  is  a 
floor,  partly  of  iron  and  partly  of  wood,  used  for  the  purpose  of 
drying  the  green  bricks  previous  to  their  being  burned.  From 
this  floor  the  dried  bricks  are  lowered  by  a  balance-lift  to  the  space 
between  the  two  kilns  convenient  to  the  charging-doors.  As  the 
space  between  the  two  sets  of  kilns  below  the  roof-floor  is  20  feet 
wide  by  68^  feet  long,  it  gives  a  room  68|  feet  long  by  60  wide 
heated  entirely  by  radiation,  which  can  be  used  as  a  drying  floor 
for  2000  bricks  a  day  and  can  also  be  utilized  not  only  for  storing 
the  materials  ready  to  go  into  the  kiln  that  is  being  discharged, 
but  also  for  temporarily  housing  what  has  been  taken  out  of  the  kilns. 
The  internal  dimensions  of  each  one  of  the  chambers  are  17  by 
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lOi  feet,  and  10\  feet  in  heioht,  so  that  each  chamber  is  capable  of 
burning  from  12,000  to  15,000  bricks,  the  exact  number  depending 
u|)on  the  size  and  shape  of  the  brick.  Such  a  kihi  as  is  shown  in 
Ph\te  II.  is  capable  of  produciui:;  300,000  bricks  per  month.  As  the 
entire  construction  is  under  a  roof,  and  the  space  between  the  kilns 
is  iugh  and  consequently  very  light,  all  the  operations  of  drying, 
charging,  steaming,  and  drawing  the  charge  can  be  conducted  con- 
tinuously, the  green  material  being  brought  automatically  from  the 
place  where  it  is  moulded,  and  the  finished  material  being  dis- 
charged from  the  kilns  at  the  same  time  to  be  carried  away  to  the 
warehouses.  The  operation  of  charging  is  going  on  on  one  side  and 
the  o|)eration  of  discharging  on  the  other,  so  that  there  is  no  waste 
of  time  in  carrying  out  the  operations. 

At  one  end  of  these  chambers  on  the  outside  are  two  producers  B 
of  any  ordinary  construction.  The  gas  is  carried  by  a  down-take  to 
an  underground  flue  E.  The  producers  used  at  Glenboig  can  burn  4 
cwt.  of  a  poor  slack  coal  per  hour,  and  give  oft'  sufficient  gas,  with 
the  hot-air  regeneration  by  the  cooling  bricks,  to  bring  the  bricks 
being  burned  np  to  a  white  heat.  Tiie  underground  flue  E  con- 
nects by  means  of  alternate  flues  R  with  each  one  of  the  kilns. 
To  regulate  the  supply  of  gas  for  each  kiln,  ten  valves  A,  one  for 
each  kiln,  are  placed  in  a  straight  line  in  the  flue  E  at  the  ex- 
tremity of  the  flue  R,  carrying  the  gas  from  the  main  flue  to  the 
kiln,  so  that  any  quantity  of  gas  may  be  delivered  to  any  one  of  the 
kilns  independently  of  the  others,  or  be  shut  oft"  from  them  entirely. 
The  gas-valves  i^are  made  of  firebrick.  They  are  hemispherical  in 
shape,  and  are  bound  on  the  outside  with  an  iron  ring.  The  iron 
stem  attached  to  the  hand-wheel  by  which  they  are  moved  is  fastened 
by  a  nut  which  enters  the  bottom  of  the  valve  about  three  inches. 
The  hole  so  left  is  plugged  with  fireclay.  The  valve-seat  is  also  of 
firebrick.  It  is  placed  over  the  opening  in  the  flue  E.  The  stem 
for  moving  the  valve  is  fastened  to  the  floor  by  a  cast-iron  foot- 
plate, in  which  there  is  an  observation-hole,  to  visit  the  valve,  which 
is  closed  with  a  cast-iron  stopper.  The  valve  jPis  raised  or  lowered 
by  the  hand-wheel  A,  so  as  to  regulate  the  supply  of  gas  for  combus- 
tion. The  cold  air  enters  from  the  openings  O,  and  /,  and  L,  on 
the  outside,  which,  like  the  gas  valves,  can  be  opened  or  closed  to 
any  extent  required.  On  the  side  of  the  flue  R,  and  running 
acros.s  the  whole  width  of  the  kiln,  are  carefully  adjusted  openings  A, 
through  which  the  gas  passes  in  equal  volumes  and  at  equal  press- 
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ures,  the  whole  width  of  the  kiln,  Figs.  4  and  5,  and  enters  Q.  This 
space  ^  is  9  inches  wide.  The  gas  meets  the  air  a  little  below  the 
floor-level ;  thence,  as  shown  by  the  arrow,  it  passes  into  the  floor  of 
the  chamber  upon  one  side.  The  gas  is  brought  into  the  burner 
Q  through  flues  9  inches  square,  separated  by  one  brick,  whose  only 
purpose  is  to  strengthen  the  masonry  and  to  prevent  the  obstruction 
of  the  passage  Q.  There  are  fourteen  of  them  in  the  width  of  the 
chamber.  They  are  all  alike,  and  extend  the  whole  width  of  the 
ciiamber.  This  space  Q  is  called  the  burner.  In  filling  the  cham- 
ber the  bricks  to  be  burned  are  piled  close  to  it,  leaving  between 
them  and  the  wall  of  the  chamber  a  space  9  to  10  inches  wide  the 
whole  height  of  the  bricks.  The  openings  from  the  gas-flue  R  into 
the  burner  Q  consist  of  a  series  of  slits  h,  Fig.  4,  which  are  4^ 
inches  wide  and  the  whole  height  of  the  gas-flue.  There  are  four- 
teen of  them  which  connect  with  the  9  inch  flues  that  form  the 
burner.  The  middle  slits  are  filled  with  loose  bricks  so  as  to  leave 
openings  6  inches  high,  but  the  end  ones  are  left  full  size,  so  as  to 
furnish  more  gas  at  these  points.  The  sej)aration  between  the  slits 
A  is  a  9  inch  brick.  It  is  impossible  to  regulate  exactly  beforehand 
the  size  of  these  openings.  They  are,  therefore,  made  much  larger 
than  is  necessary,  and  are  filled  more  or  less  with  brick,  according 
to  the  indications  which  are  given  by  the  color  of  the  burned  bricks. 
Hot  air  from  the  cooling  bricks  is  made  to  pass  through  the  chambers 
in  front,  and  when  it  is  sufficiently  cooled,  can  be  made  to  pass 
into  the  chimney  by  means  of  a  damper.  By  this  arrangement  the 
gas  can  be  allowed  to  enter  in  any  quantity  to  any  of  the  chambers, 
or  be  entirely  shut  off*  from  them.  The  end  chambers  5  and  6 
connect  with  the  underground  flue  il/,  and  the  chambers  1  and  2 
with  the  flue  J,  Figs.  1  and  4,  through  17  slits  in  the  wall  of  P, 
so  that  there  is  a  constant  circuit  of  the  gas  coming  from  the  pro- 
ducers on  either  side  maintained  by  means  of  this  flue.  All  around 
the  outside  of  the  chambers  and  connected  with  them  on  the  opposite 
end  from  the  gas  are  other  channels,  D  and  C,  which  lead  to  the 
main  chimney,  so  that  the  supply  of  gas  and  air  can  always  be 
constant,  and  the  draught,  with  or  without  pressure,  can  always 
be  regulated  in  each  one  of  the  chambers  by  means  of  the  dampers, 
exactly  as  required  for  the  particular  j)hase  in  which  each  one  of 
them  happens  to  be  at  the  time.  The  supply  of  hot  air  comes  in 
through  special  slits  «,  Fig.  5,  arranged  in  the  floor  of  the  chamber. 
They  are  all  18  inches  long  by  2  inches  wide,  except  the  end  ones 


I 


THE   DUNXACHIE   GAS-KILX    FOR    BURNING    FIRE-BRICK,  ETC.      493 

agsin?t  the  outside  walls,  which  are  2|  inches  wide.  There  are 
twentv-tiiree  of  them  across  the  chaniher.  They  are  controlled  by 
valves  k,  21  inches  long,  which  work  over  two  rectangular  outlets 
m,  15  X  10  inches  in  size,  Figs.  5  and  6,  made  in  the  roof  of  the  flue 
Pat  each  end  of  it.  Thes^e  valves  are  controlled  from  the  outside 
through  the  openings  I,  which,  when  the  furnace  is  in  full  fire,  are 
closeti  with  bricks  laid  up  dry  and  plastered  over  on  the  outside  with 
mortar.  The  air  generally  comes  through  the  cooling  burnt-off 
bricks  two  or  three  ciiambers  behind  the  one  which  is  burning,  and 
enters  through  the  openings  m  and  the  slots  g,  Figs.  4  and  5,  which 
are  3  to  4  inches  in  size.  There  are  five  rows  of  these  slots,  the 
lowest  row  of  which  enters  the  burner  Q  either  at  or  a  little  below 
the  level  of  the  floor.  If  a  supply  of  hot  air  is  required  higher  up, 
it  may  be  brought  in  hot  through  the  openings  N,  Fig.  7,  which 
are  eacli  21  inches  long.  They  are  made  in  the  ends  of  the  flue  L  by 
moving  the  damper  e,  which  covers  two  arched  holes  N  in  the  next 
chamber,  near  the  end  of  the  flue  L,  Figs.  4  and  7.  Cold  air  may  be 
brought  from  the  outside  by  closing  these  dampers  and  opening  the 
connections  with  the  outside  air  at  the  end  of  the  flue  L.  The  holes 
/,  Fig.  4,  run  the  whole  width  of  the  furnace.  There  are  four  rows  of 
them,  made  by  separating  the  brii^ks  in  alternate  rows  about  2  inches. 
This  flue  L  thus  serves  for  the  admission  both  of  hot  and  of  cold  air 
as  well.  The  air  for  the  ordinary  uses  of  the  furnace  is  brought 
through  the  bricks  which  are  being  cooled  down  to  be  regenerated, 
passes  down  through  the  floor  of  the  kiln  into  an  underground  flue 

5,  of  about  the  same  size  as  the  opening  R,  and  from  here  through 
a  series  of  openings  /,  Figs.  4  and  7,  made  in  the  brickwork  into  the 
flue  P,  in  the  lower  part  of  the  dividing  wall.  From  here  by  means 
of  oj)enings  in  the  arches,  which  are  regulated  by  valves  k,  Figs.  4, 

6,  and  7,  it  is  introduced  into  a  flue  0  above,  and  discharged  as 
shown  by  the  arrows,  either  a  little  below  or  directly  on  the  floor- 
level,  against  the  gases  which  have  come  up  from  the  flues  upon  the 
opposite  side.  The  damper  k,  Fig.  4,  is  shown  in  the  drawing  on 
the  level  of  the  floor  of  the  chamber.  It  is  usually  placed  a  little 
below  it,  so  that  there  are  two  of  the  openings  g  below  the  floor.  By 
this  arrangement  the  combustion  commences  in  the  burner  Q  a  little 
below  the  level  of  the  floor  of  the  chamber.  As  the  dampers  give 
complete  control  of  both  the  gas  and  the  air,  any  given  quantity 
or  quality  of  flame  may  be  produced.  The  combustion  of  the  gases 
by  the  hot  air  produces  sheets  of  flame  the  whole  width  of  the  kiln, 
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which  pass  upward  on  the  side-walls.  These  walls  and  the  arched 
roof  produce  a  very  large  amount  of"  radiation,  but  in  order  to  pro- 
vide for  complete  combustion  in  all  cases,  openings  are  made  in  the 
dividing  walls  about  half  way  up.  These  openings,  L,  Figs,  4  and 
7,  are  made  for  either  cold  or  hot  air,  which  may  be  made  to  pass  in 
either  to  bring  up  or  reduce  the  temperature  of  the  gases  at  this  point. 
If  the  air  is  to  be  cold  it  comes  Irom  the  outside;  if  hot,  from  the 
burned-off  chamber.  This  air  meets  the  hot  gases  from  the  neigh- 
boring chamber,  which  i)ass  into  L  through  openings  N,  Fig.  7, 
made  for  the  purpose.  These  openings  are  regulated  by  the  valves 
e,  which  permit,  when  necessary,  sufficient  air  to  be  introduced  at 
this  point  to  prevent  the  bricks  from  being  burned  in  any  one  part 
of  the  chamber  at  a  higher  temperature  than  those  in  front  of  them. 
It  is  not  usually  necessary,  in  the  ordinary  work  of  the  furnace,  to 
use  these  openings  N.  They  are  generally  used  when,  for  any  rea- 
son, the  fire  in  the  burning-chamber  is  not  hot  enough,  when  the 
hot  air  from  this  flue  from  the  chamber  next  is  introduced.  Wiien 
the  kiln  is  too  hot  and  there  is  danger  of  melting  the  bricks,  cold 
air  from  the  outside  is  introduced  through  the  same  flue.  The  walls 
of  the  chamber  offer  a  very  large  radiating  surface.  As  it  is  not 
filled  up  to  the  roof,  the  space  between  the  charge  and  the  roof  also 
permits  a  considerable  radiation,  which  is  utilized  for  the  heat  in  the 
kiln,  and  also  for  the  drying-floor  above  it.  As  the  bricks  shrink 
about  one-twelfth  of  their  bulk,  this  radiating  chamber,  as  it  may  be 
called,  increases  in  size  as  the  bricks  are  burned.  In  some  cases  it 
has  been  found  advantageous  to  use  a  blower  instead  of  a  high 
chimney,  as  the  gas  from  the  producer  generally  comes  off  at  a  very 
slight  pressure.  When  a  blower  is  used,  a  considerable  economy 
may  be  gained  by  steaming  the  green  bricks  freshly  charged  in  the 
kiln  with  air  blown  through  the  burned-ofi'  bricks,  which  are  no 
longer  hot  enough  for  heating  the  air  for  combustion,  but  too  hot  to 
be  discharged  from  the  kiln.  When  a  chimney  is  used,  unless  the 
draught  is  very  strong,  this  cannot  be  done. 

The  ()i)eration  of  preparing  the  bricks  for  firing  consists,  first,  in 
the  preliminary  tempering  on  the  floor  above  the  kihis  and  in  the 
space  between  them,  so  as  to  drive  off  sufficient  water  to  permit  the 
handling  of  the  bricks.  They  still,  however,  contain  a  considerable 
quantity  of  moisture,  and  it  would  not  be  safe  to  subject  them  at 
on(;e  to  a  high  heat,  as  there  would  be  danger  of  their  cracking  and 
splitting.     They  are  therefore  charged  into  the  kiln  through  the  door 
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Hy  and  when  the  kiln  is  full  the  door  is  closed  hermetically  by  two 
rows  of  britks  laid  up  dry  and  jdastcred  on  the  ontside.  Hot  air 
from  the  bnrned-otf  kilns  is  tnrned  into  them,  or,  if  this  is  not  con- 
venient, some  gas  fr»)m  the  producer,  svhich  is  ignited  so  as  to  give  a 
low  and  gradually  rising  temporature.  During  this  time  of  steam- 
ing, the  stopj^xM-s  d  are  withdrawn  from  the  openings  in  the  roof,  and 
the  priHlucts  from  the  heated  bricks  charged  with  steam  are  allowed 
to  escape  into  the  0|>en  air.  The  bricks  are  not  heated  to  a  high 
tenifx^rature  until  all  this  steam  has  escaped.  During  this  time  the 
two  passages  G  and  /remain  open.  "When  the  steaming  is  finished 
they  are  closed.  A  chimney  about  100  feet  high  is  sufficient  to 
pro<luce  the  draught.  Stronger  draught  may  be  produced  by  means 
of  a  blower.  The  gas  leaves  the  producers  at  a  temperature  of  from 
600  to  800°  Fahr.  It  is  passed  into  the  chambers  and  there  burned 
by  the  admission  of  air  which  has  been  highly  heated  by  passing 
through  two  or  three  burned-off  chambers  which  have  been  brought 
up  to  a  high  temperature,  as  high  as  the  melting-point  of  steel.  As 
the  operation  is  continuous,  we  will  suppose  that  chambers  Nos.  3 
and  4,  Fig.  1,  have  been  burned  off.  The  gas  from  the  pro- 
ducers is  turned  into  chamber  No.  5,  which  has  just  been  steamed. 
Chamber  No.  2  is  open,  and,  cooling  off,  the  air  is  made  to  pass 
through  Xos.  3  and  4,  which  are  burned  off  and  cooling  down.  No. 
3  will  then  be  red  hot,  and  No.  4  at  a  white  heat.  From  No.  4  the 
air  descends  through  the  slits,  a,  Fig.  5,  into  the  flue,  S,  Fig.  4, 
through  the  slits,  i,  to  the  flue,  P,  and  thence  through  the  rectangular 
openings  m,  Fig.  5,  which  are  regulated  by  flat  plates  of  firebrick  m, 
Fit;,  o,  which  are  controlled  from  the  outside  by  the  slab  k,  through 
1,  into  the  flue,  0.  This  flue  is  provided  with  openings,  g,  which 
extend  the  whole  width  of  the  furnace,  and  are  so  calculated  as  to 
supply  the  exact  quantity  of  air  which  is  required  for  the  perfect 
combustion  of  the  gas.  The  rule  in  this  respect  is  to  make  the 
capacity  of  the  air  opening  two  and  a  half  times  that  of  the  gas. 
The  combustion  commences  a  little  below  the  level  of  the  floor, 
and  extends  some  distance  above  it.  The  air  passes  through  these 
openings  into  the  burner,  where  it  meets  the  gas  coming  up  from  the 
flue,  Q.  Chamber  No.  5  is  thus  in  full  fire.  It  is  filled  with  clear, 
bright  flame.  The  products  of  combustion  are  made  to  pass  through 
No.  6,  which  is  called  the  l)encfit  kiln,  before  going  to  the  chimney. 
No.  6  is  thus  brought  up  to  a  bright  red  heat,  and,  in  its  turn,  when 
No.  5  is  burned  off,  becomes  the  full  fire  kiln  by  turning  off  the  gas 
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by  tlie  damper  A  and  turning  it  on  to  No.  6.  Nos.  7,  8  and  9  are  in 
front  filled  with  green  brick  in  process  of  steaming ;  No.  9  is  filling; 
No.  10  is  ready  for  filling;  and  Nos.  1  and  2  are  being  emptied. 
Thus  all  the  operations  are  continuous :  No.  2,  open  and  being  cooled 
off;  No.  3,  red  hot,  No.  4,  white  hot,  both  burned  off  and  cooling; 
No.  5,  burning  in  full  fire  ;  No.  6,  in  the  preparatory  stage  to  full 
fire;  Nos.  7  and  8  steaming;  No.  9  filling;  No.  10  ready  for 
filling,  and  No.  1  discharging. 

When  the  gas  is  first  turned  on  to  No.  5  the  chamber  No.  2  will 
still  be  too  hot  to  be  discharged,  and  for  the  first  five  or  six  hours 
the  air  is  made  to  pass  through  chambers  2,  3,  and  4,  to  reach  No. 
5.  After  this  time  the  gain  would  be  too  small,  so  that  No.  2  is  cut 
off,  although  the  bricks  still  retain  considerable  heat.  This  is  done 
by  shoving  in  the  firebrick  slab  k,  which  closes  the  opening  m,  so 
that  the  air  no  longer  passes  them.  The  cold  air  is  introduced  by 
taking  down  the  bricks  which  close  the  opening  /  in  chamber 
No.  3.  During  very  damp  weather  and  in  the  winter  the  heat  of  the 
chamber  corresponding  to  No.  2  is  made  use  of  by  introducing  a 
square  pipe  into  K,  Fig.  3,  and  blowing  cold  air  into  the  kiln.  This 
})ipe  connects  with  another  which  carries  the  air  thus  heated  to  the 
drying- floors,  thus  utilizing  the  heat  which  would  otherwise  be  lost 
and  cooling  down  the  chamber  at  the  same  tinie.  The  main  pipes 
are  put  up  permanently,  with  branches  leading  to  each  chamber. 
The  ends  of  these  branches  are  closed  when  not  in  use.  The  mova- 
ble pipe  fits  all  the  branches. 

In  the  ])reliminary  heating,  which  is  called  steaming,  there  is  a 
very  considerable  quantity  of  moisture  given  off  from  the  bricks, 
which  moisture,  as  it  is  likely  to  absorb  a  large  amount  of  heat,  is 
allowed  to  escape  from  the  openings  in  the  roof  of.  Figs.  4,  6,  and  7, 
the  stoppers  from  which  are  removed  for  the  purpose.  This  is  done 
by  introducing  into  these  kilns  a  little  producer  gas,  and  burning  it 
by  means  of  cold  air.  All  the  air-ports  and  roof-vents  remain  oj)en 
during  the  whole  of  this  stage  of  the  process,  and  are  only  closed 
when  the  chambers  are  ready  to  fire.  As  soon  as  the  steam  ceases 
to  condense  in  each  chamber,  the  openings  are  closed,  so  that 
none  of  the  gas  escapes.  They  are  also  used  when  it  is  desirable 
to  cool  a  chamber  quickly.  The  chamber  No.  7  would  in  this 
instance  be  called  a  green  chamber,  since  the  bricks  in  iv.  have  not 
been  burned.  Behind  it  there  would  be  two — or  as  many  as  three 
— other  chambers  which  were  being  cooled  off,  that  is,  say,  4,  3,  and 
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2.  The  temperature  in  clianiber  5  ean  he  increased  in  24  to  36 
hours  up  to  a  steel-melting  heat,  that  is,  to  the  stage  of  full  firing. 
While  tiiis  o|>eration  is  going  on,  the  next  chamber  in  the  series  will 
receive  the  gases,  so  that  the  bricks  in  chamber  6  will  be  dried  and 
brought  nearly  up  to  red  heat.  Into  this  the  heat  would  be  passed 
so  that  the  operation  would  go  on  in  the  following  chamber  in 
exactly  the  same  way. 

In  order  to  burn  the  brick  successfully  a  white  heat  is  required. 
To  maintain  this,  it  is  necessary  to  have  the  proper  admixture  of 
gas  and  air  and  to  keep  it  at  the  proper  temperature  and  under 
entire  control.  Without  such  control  it  would  be  quite  possible 
that  the  temperature  upon  one  side  of  any  one  of  the  chambers 
might  be  sufBcient  to  melt  the  bricks,  and  on  the  other  not  sufficient 
to  burn  them.  It  is  for  this  reason  that  the  flames  are  so  divided  in 
the  underground  channels,  and  that  flues  are  made  in  the  upper  part 
as  well  as  in  the  lower.  Under  these  conditions  there  is  no  danger 
of  unequal  heat,  or  that  any  ash  or  other  material  will  be  brought 
in  with  the  gas,  thus  causing  danger  of  fluxing  the  surfaces  of  the 
brick  and  making  them  rough.  This  kiln  can  be  adapted  to  use 
for  many  other  purposes  besides  that  of  making  brick. 

In  the  original  design  of  this  furnace  the  idea  was  fully  considered 
of  having  each  chamber  arranged  in  such  a  way  as  to  be  indepen- 
dent of  its  n.eighbor,  and  so  that  it  could  be  used,  skipping  one, 
two,  or  three  chambers,  on  either  or  both  sides.  But  the  expense  of 
construction  was  so  much  increased,  the  complication  of  the  flues  so 
great,  and  the  advantage  to  be  derived  from  it  so  small,  that  the 
idea  was  finally  abandoned  without  constructing  any  furnaces  in  this 
way.  The  wisdom  of  doing  so  has  been  fully  confirmed  by  sub- 
sequent experience,  for  it  has  been  found  in  actual  practice  that  there 
is  ample  time  between  the  burnings  for  the  most  serious  repairs,. 
which  fortunately  up  to  this  time  have  not  been  required. 

The  result  of  this  method  of  burning  is  a  saving  of  from  50  to  75 
per  cent,  in  the  co'st  of  manufacture.  This  saving  is  large,  but  not 
much  larger  than  should  have  been  expected,  and  results,  first,  from 
the  use  of  gas  and  regeneration  ;  second,  from  economizing  the  heat 
in  the  preliminary  stages  by  using  the  waste  heat  to  bring  the  bricks 
up  through  the  preliminary  temperatures;  third,  from  the  use  of  the 
radiated  heat  for  drying  the  bricks.  This  last  saving  may  be  still 
farther  increased  by  extending  the  floor  over  the  bricks  20  feet 
beyond  the  walls  and  all  around  them,  which  would  greatly  extend 
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the  drying  space  and  thus  facilitate  the  work,  and  still  further  econo- 
mize the  heat.  Such  a  construction  would  about  double  the  capacity 
of  the  drying-floors  above  the  kiln.  The  output  of  the  kiln  is,  how- 
ever, so  large  that  some  drying-stoves  must  always  be  used  with  it 
as  with  every  other  kiln. 

Mr.  Dunnachie  has  made  a  series  of  experiments  with  the  Siemens 
water  pyrometer  with  a  copper  bulb,  to  ascertain  what  the  tempera- 
ture of  the  gases  escaping  into  the  chimney  was: 


Time  of 

observation 

after 

Temperature  of  the  chimney  when 

there  was  but  one  chamber  of 

green  bricks. 

Temperature  of  the  chimney  when 

there  were  three  chambers  of 

green  bricks. 

4  hours, 

150°  F. 

90°  F. 

12      " 

200° 

120° 

24      " 

250° 

150° 

36      " 

300° 

180° 

In  making  the  observations  with  only  one  chamber  of  green  bricks 
between  the  chimney  and  that  in  full  fire,  the  copper  bulb  could 
only  be  held  in  the  flue  8  J  minutes,  for  fear  of  melting  the  wire  to 
which  it  was  attached,  so  great  was  the  heat.  But,  when  there  were 
three,  it  was  left  for  an  hour  before  the  temperatures  were  read.  This 
shows,  conclusively,  the  saving  of  heat  and  consequent  economy  of 
the  furnace. 

The  average  of  cost  of  burning  bricks  in  the  old  Newcastle  kilns  at 
Glenboig  was  8s.  2d.  per  thousand.  In  the  hopper  kiln,  invented  by 
Mr.  Dunnachie  about  1865,  it  was  Qs.  dhd.  per  thousand.  In  the 
present  Dunnachie  kiln  it  is  2s,  d^d.  per  thousand.  The  saving  in 
fuel  effected  by  the  use  of  these  kilns  is  from  50  to  75  per  cent.  At 
Glenboig,  where  everything  is  very  carefully  done,  it  reaches  75  per 
cent.  There  is  also  a  very  considerable  reduction  in  labor  and  re- 
pairs. The  product  is  of  better  quality  and  more  uniformly  burned. 
This  is  accomplished  mostly  because  of  the  simple  construction  of 
the  kiln,  which  allows  of  regulating  the  temperature  at  any  phase 
and  of  having  it  constant  through  all  parts  of  the  kiln.  As  the 
floor  of  the  kiln  is  solid,  there  being  no  flues  or  openings  in  it  except 
at  the  sides,  where  they  are  quite  large,  they  do  not  break  and  crack, 
nor  do  the  flues  become  obstructed  with  sand  or  broken  brick,  as  is  the 
case  with  most  other  fire-brick  kilns.  The  kilns  used  at  Glenboig 
have  been  run  continuously  for  eighteen  months  without  repairs  of  any 
kind.  As  the  mixture  of  gas  and  air  is  always  under  |)erfect  con- 
trol, and  the  passages  of  the  upper  part  are  also  regulated  by  valves, 
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the  heat  may  be  mised  or  lowered,  according  to  indications  given  by 
looking  into  the  kiln  from  the  outside,  and  is  always  uniform  from 
one  end  of  the  furnace  to  the  other,  so  that  there  is  no  breaking 
from  sudden  or  uneiiual  heating,  and  almost  no  hard  or  soft  bricks 
are  |>  rod  need. 

The  output  of  these  kilns  is  almost  double  that  of  the  old  kilns, 
the  ciipacity  being  the  same,  but  only  half  the  time  being  required  to 
burn  in  the  new  ones.  The  cost  of  a  set  of  ten  chambers  with  two 
gas-producers,  arranged  as  in  the  drawing,  is  from  1500  to  1600 
}Kiunds  sterling,  for  kilns  having  the  capacity  of  300,000  bricks  per 
month.  I  am  indeiited  to  Mr.  Dunnachie  for  the  following  esti- 
mates of  the  construction  of  both  kilns.  The  data  are  given  in 
English  money,  which  can  be  easily  converted  into  dollars  and 
cents  l)y  counting  the  i>ound  at  $4.84  and  adding  the  price  of  ex- 
change.* The  cost  per  thousand  bricks,  using  a  good  quality  of 
coal,  was  in  September,  1885,  in  the  Newcastle  kiln  8s.  9d.,  and  in 
the  Dunnachie  kiln,  using  a  cheap  slack,  2s.  dd.  for  the  best  quality 
of  Glenboig  bricks.  For  those  of  a  lower  quality,  which  are  required 
to  stand  less  heat,  the  cost  would  be  very  much  less.  The  reputation 
of  the  Glenboig  brick  is  such  that  only  first-class  bricks  are  made 
there. 

The  labor  in  the  gas-kiln  is  much  less  than  in  the  older  ones. 
As  the  men  are  not  constantly  employed  with  the  kilns,  the  work  is 
l.ess  fatiguing,  and  the  number  of  workmen  can  be  very  much  re- 
duce<l,  when  these  furnaces  take  the  j)lace  of  the  old  kiln.  In  most 
of  the  works  where  this  kiln  has  been  constructed,  it  works  side  by  side 
with  the  old  kiln,  so  that  the  men  are  busied  sometimes  with  one 
and  sometimes  with  the  other.  The  kilns  are  burned  off  about 
three  times  a  month.  The  time  that  the  bricks  are  in  the  new  kiln 
is  as  long  as  in  the  old  one,  since  they  are  used  for  regeneration; 
but  there  is  greater  economy  in  this,  since  all  the  heat  stored  up  in 
them  is  utilized  instead  of  being  lost  as  before.  The  steaming  stage 
lasts  four  shifts  of  twelve  hours  each,  or  forty-eight  hours  in  both 
kilns.  The  full-fire  stage  takes  from  four  to  six  shifts,  or  from  forty- 
eight  to  seventy-two  hours,  in  the  old  kiln,  and  two  to  three  shifts,  or 
from  twenty-four  to  thirty-six  hours,  in  the  regenerative.    The  heat- 


*  The  cost  of  the  pound  sterling  varies  generally,  in  New  York,  from  $4.90  to 
$4.96,  depending  on  the  rate  of  exchange.  In  making  preliminary  estimates  it  is 
bert  to  count  $5.00  to  the  pound. 
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ing  and  coolins^  are  much  more  g-radual  in  the  regenerative  than  in  the 
old  kihi,  and  consequently  there  is  less  deterioration  in  the  material 
manufactured.  In  the  Newcastle  kiln,  it  is  necessary  frequently  to 
open  the  doors  while  the  brick  is  almost  at  a  white  heat,  thus  cooling 
those  which  come  in  contact  with  the  air  and  reducing  the  temperature 
of  the  kiln  at  times  very  greatly.  In  the  regenerative  kiln,  the  doors 
are  hermetically  closed  at  the  commencement  and  remain  so  until 
the  end.  In  the  Newcastle  kiln  the  air  is  full  of  smoke  from  the 
incomplete  combustion  of  the  fuel,  while  in  the  regenerative  kiln 
the  combustion  is  so  perfect  that  at  the  point  where  the  duty  begins 
the  carbon  is  all  burned,  and  there  is  no  smoke  at  any  point  when 
the  kiln  is  properly  worked.  Ordinary  laborers  can  learn  to  work 
the  kiln  with  great  ease,  because  what  is  going  on  in  the  interior 
of  every  kiln  can  be  seen  from  the  outside,  through  the  spy-holes 
made  for  the  purpose  in  the  built-up  door  of  the  kiln.  These  are 
closed  when  not  in  use  with  a  fireclay  plug.  The  gas  and  air  are 
regulated  so  as  to  have  a  clear  flame  from  one  chamber  to  the  other. 
The  moment  any  smoke  is  seen  either  in  the  chambers  or  in  the 
chimney  top,  perfect  combustion  can  at  once  be  secured  by  opening 
or  shutting  the  proper  valve. 

The  drawing,  Plate  I.,  of  a  pair  of  Newcastle  kilns  shows  the 
method  of  firing  and  the  size  and  general  disposition  of  the  kiln. 
As  compared  with  the  regenerative  kiln  it  will  be  seen  that  the  con- 
struction is  not  much  more  simple,  while  the  holes  in  the  floor,  as 
shown  in  the  drawings,  make  the  furnace  much  more  difficult  to 
manage.  The  number  of  bricks  used  in  each  furnace  is  about  the 
same,  and  the  cost  of  construction  is  not  very  different;  so  that  there 
is  every  advantage  in  using  the  regenerative  kiln. 

Specification  of  Materials  Required  for  One  Set  of  10  Cliamhers  of 
Dunnachie's  Continuous  Regenerative  Gas-Kiln. 

Excavations  : 

Cutting  for  Foundations  of  Kilns,  allowing  for  Scarcements: 

68x42x3J  feet=352^  cubic  yards. 
Flue  round  outside  of  Kilns : 

272x4.]x3J  feet=149J  " 

3Iain  Gas  Flue  between  Kilns  : 

60x5x5  feet=  55J  " 

557^   Is.  per  yd.,     £27  17s.  06d. 

£27  17s.  OCd. 


THE    DUXNACHIE   GAS-KILN    FOR    BURNING    FIRE-URICK,  ETC.     501 

♦Bricks 

I'W  in  Building  Sft  of  Kilns,  including  Fines  : 
Square  bricks,  9x4Ax3  ins 293,000 

For  Oi-oicns: 
End  arch  bricks.  9x4ix3-x2.J  ins.,  .     .     .     37,000 

For  Flues,  Etc.: 
Side  bricks,  9x4ix3  and  2  ins.,      ....     30,000 
Horse  blocks.  24x9x7  ins 250 

Between  Horse  Blocks : 
St>one  bricks,  9x4Jx2  ins., 450 

For  Steaming  Holes: 
Covers,  lSxl2s3  ins., 250 


360,950 
Abstract  of  Value  of  Bricks : 

2t)0,450  bricks  (1st  quality),  40s.,    .     .     .  £520  18s.  OOd. 

100,000  bricks  (2d  quality),  20s 100  00     00 

250  horse  blocks,  Is.  6d.  each,   ...       18  15     00 
250  covers,  9d.  each, 9  07     06 


£649  00s.  06d. 


BriLDiXG  £676  18s.  OOd. 

Of  one  set  of  Kilns  (Labor) : 

£17  for  each  of  10  chambers,  .     .     .  £170  00s.  OOd. 


£170  OOs.  OOd, 


Woodwork  : 

Centres   and  cleading  used   in   building 
crowns  of  kilns — three  sets  required  at 

once,  at  £6  each  set £18  OOs.  OOd. 

Ironwork  : 

Kiln  Binders : 

24  cast-iron  upright  binders,  13  ft.  long, 
12J  cwt.  each  =  14  ton  14  cwt.,  £5  2s. 

6d.  per  ton, £75  06s.  09d. 

20  cast-iron  cross  binders,  12  ft.  3  in.  long, 

9  cwt.  each  =  9  tons,  £5  2s.  6d.  per  ton,       46  02     06 
12  malleable  iron  binding  rods,  21  ft.  long, 

by  IJ  ins.  diam.,  13^^  cwt.,  6s.  per  cwt.,  3  19     06 


£125  08s.  OOd. 


Capacity  of  Kilns :  £990  06s.  09d. 

10    chambers,    each     containing    14,000     bricks, 
9i4U24  ins.,  140,000, 

Specifications  of  Materials  Required  for  the  Drying-stove  above  the 

Gas  Kilns. 
Wrocght-iron  Girder-s, 
For  tops  of  Columns : 

6  girders  13'-0i'^  long         ^  J 

2cirders  13'-6'Mong 

2  girders  12'-4''  long  "  J 


t.  cwt. 
=    1    8    £6  per  ton,      £8    Ss.  Od, 


•  Of  the  above  qaaotities,  about  100,000  may  be  bricks  of  secoud  quality  for  packing,  butts  and 
between  arches,  etc. 


2     6|  £6  per  ton,  £14    Os.  6d, 
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Between  kilns : 

6  cross  girders  20^-0''^  long  *^  I    I  t.   cwt. 

14     "         "       13^-G'^long  *^J  - 

14     "         "       12^-4^^  long      " 

42    "         "       13^-O^Mong     "J  =    4    7|  "  26    6s.  6d. 

Cast-iron  Plates  for  Floors: 

372  plates  4'x2'x§-^^  thick,  l|d.  each,  =  27  18  £4  5s.  p.  t.  118  lis.  6d. 
Wood  Floring  between  Kilns : 

800  lineal  feet  joisting  ^^'xlY',  Id.  per  foot.  3    6s.  8d. 

110  square  yards  flooring,  Is.  Id.  p.  yd.  5  19s.  2d. 


£176  12s.  4d. 


Specification  of  Materials  Required  for  Six  Newcastle  Kilns  (in  pairs). 

Excavations  : 

Cutting  for  Foundations  of  Kilns  : 
34x30x4 J  ft.,  each  pair  for  6  kilns,  507  c.  yds. 

Cutting  for  Butts : 
For  6  kilns, 79     " 

Flues  outside  of  Kilns  : 
Average  distance  from   kilns  to 

chimney, 149-2  " 

735^-  Is.pervd.,     £36  15s.  06d. 

£36  15s.  06d. 

*Bricks 

Used  in  Building  Six  Kilns. 
Far  Side- Centre  Walls: 
From  foundations  to  spring  of  arch,  square 

bricks,  9x4.] x3  ins., 45,080 

For  Flues 
Inside  of  kilns,  and  flues  outside  of  kilns 

to  chimney,  9x4^x3  ins., 40,000 

For  Crowns  : 

End  arch  of  square  bricks, 53,280 

F&r  End  Walls : 

Square  bricks, 55,200 

For  Butts : 

Square  bricks 105,000 

For  Floors  of  Kilns : 
Packing  between  arches  and  causewaying 
for  fuel,  square  bricks, 35,650 

334,210 
Abstract  of  Value  of  Bricks : 

234,210  bricks  (Istquality)  40s.  per  1,000,  £4GS  08s.  05d. 
100,000  bricks  (2d  quality)  20s.         "  100  00     00 

£568  08s.  05d. 

£605  03s.  lid. 


I 
i 


*  Of  the  above  quantities,  about  100,000  may  be  bricks  of  secoud  quality  for  puckiog,  butts 
and  between  arches,  etc. 
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BUILPIXG 

0/  Six  Kilns  (Labor)  : 

C.ist  ol"  Imililins  [>er  rood,  equal  for  gas  or 

Newc:istle  kilns, £170  00s.  OOd. 

£170  00s.  OOd. 

WoomvoKK : 

Centres  and  cleading  for  two  chambers, 

£9  each  set, £18  00s.  OOd. 


£18  OOs.  OOd. 


Ikoswokk  : 

Kiln  Binders : 

18  cast-iron  upright  binders  (6  to  each 
pair  of  kilns),  12^  cwt.  each  =  U  tons 
•J  cwt.,  £5  2s.  6d.  per  ton £5G  10s.  Old. 

12  cast-iron  cross  binders  (4  to  each  pair 
of  kilns).  lOJ^  cwt.  each  =  6  tons  3  cwt., 
£5  2s.  6d.  per  ton 31   10     05 

9  malleable  iron  binding  rods,  34  ft.  long 

lA  ft.  diam.,  16  cwt.,  at  Gs.  per  ton        .         4  16     00 


£92  16s.  OOd. 


Capacity  of  Kilns:  £886  00     05d. 

6  kilns,  containing  in  the  aggregate  140,- 
000  bricks,  9x4^x2.]  ins.,  140,000. 

It  is  well  to  have  the  floor  of  these  kilns  on  the  same  level  with 
the  floor  of  the  drying  stove,  both  of  which  should  be  about  one  foot 
at  lea.-t  above  the  ground  level  outside,  to  prevent  water  entering. 
The  amount  of  excavation  will  depend  on  the  ground  level. 

The  depth  of  flues  inside  the  kilns  is  4  feet  from  floor,  and  the 
flue  bottom  is  a  brick  on  edge,  so  that  the  whole  depth  from  kiln 
floor  to  bottom  of  excavation  is  4  feet  4J  inches,  say  4J  feet,  but  as 
the  floor  is  one  foot  above  the  ground  level,  the  excavation  will  be 
only  'ij  feet  deep. 

The  expense  of  filling,  cooling,  and  emptying  is  the  same  in  gas 
kilns  as  ordinary  kiln.s,  viz.,  for  filling  Is.  3c/.  per  1000  bricks,  and 
for  emptying,  9(/.  per  1000  bricks.  The  expense  for  firing  is  also 
the  same  in  both  cases.  One  man  takes  charge  of  a  set  of  ten 
kilns,  having  full  charge  of  gas-making  and  brick-burning.  In 
the  regenerative  system  one  kiln  is  always  in  full  fire,  and  one  is 
always  rising  to  it  by  the  spare  heat  of  the  burning  kiln  passing 
through  it.  There  are  also  two  steaming  kilns  ahead  of  the  burning 
kilns,  preparatory  to  the  higher  heats,  the  gas  and  air  in  this  case 
pas.sing  in  direct,  as  high  heat  is  not  wanted  at  this  stage. 

The  following  will  explain  the  appended  plates : 
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PLATE  l.-THE  NEWCASTLE  KILN. 


A — Side  walls. 

B — Back  walls  between  the  kiln  and  the  flue. 

C — Kiln-chambers. 

D — Arch  over  the  kilns. 

E — Front  wall. 

F — Buttresses  to  sustain  the  kiln. 

G — Arch  between  the  two  kilns. 

H — Ash-pit  outside  of  the  kiln. 

I — Door  of  the  fireplace,  counterpoised. 

J — 0[>ening  for  picking  the  fire. 

K — Door  of  the  kiln. 

L — Openings  in  the  roof. 


PLATE  II -THE  DUNNACHIE  KILN. 


A — Gas-valves  controlling  the  gas  going  to  the  kilns. 

B — Producers. 

C — Chimney-flues. 

D — Side-flues  leading  to  chimney-flues. 

E — Main  gas-flue. 

F — Gas-valves  from  main  to  the  kilns. 

G — Opening  admitting  air  to  the  floor  of  the  kiln. 

H — Kiln-doors. 

I — Outside  opening  to  hot-air  flue  O  on  the  floor  of  the  kiln. 

J — Flue  connecting  chambers  1  and  10. 

K — Spy-hole  for  the  inspection  of  tlie  kiln  and  for  taking  off  hot  air. 

L — Flue  conveying  hot  or  cold  air  to  upper  part  of  the  kiln. 

M — Flue  connecting  chambers  5  and  6. 

N — Hot-air  opening  from  one  kiln  to  the  other. 

O — Flue  bringing  hot  air  from  kiln  to  burn  gas  in  the  next  kiln. 

P — Underground  flue  bringing  hot  air  to  O. 

Q — Flue  bringing  gas  from  R  into  the  kilns. 

R — Main  gas-flue  to  kiln,  a  continuation  of  E. 

S — Lower  flue  for  hot  air. 

T — Outside  opening  into  the  flue  L. 

a — Slits  between  the  flues  for  passage  of  air. 

b — Openings  for  passage  of  gas. 

d — Slabs  of  fire-clay,  closing  openings  in  roof. 

e — Fire-clay  slab,  cutting  off"  hot  air  from  the  flue  L. 

f — Slits  admitting  hot  and  cold  air  from  L  to  kiln. 

g — Slits  admitting  hot  air  against  the  gas. 

h — Slits  regulating  passage  of  gas  from  R  to  Q. 

i — Slits  between  P  and  S. 

k — Fire-clay  slabs  regulating  the  entry  of  hot  air  from  P  to  Q. 
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THE  GEOLOQIC  DISTRIBUTION  OF  NATURAL  QAS  IN  THE 
UNITED  STATES. 

BY  CHARLES  A.    ASHBURNER,    GEOLOGIST   IN    CHARGE,   PENNSYLVANIA 
SURVEY,    PHILADELPHIA,   PA. 

(St.  Louis  Meeting,  October,  1S86.) 

I.  Xatural-Gas  Explorations. 

The  nipid  development  of  the  natural-gas*  industry  in  AVcstern 
Pennsylvania,  and  the  great  economy  which  results  from  its  use^ 
both  for  manufacturing  and  domestic  purposes,  has  led  to  an  inquiry 
as  to  the  occurrence  of  this  gaseous  mineral  in  all  thickly  populated 
and  larjje  manufacturing;  centers  of  the  United  States. 

Xatural-gas  springs  are  to  be  found  in  almost  every  State  in  the 
Union,  and  in  many  States  gas  has  been  obtained  in  wells  sunk 
either  for  water,  oil,  or  gas,  or  in  search  of  solid  mineral  deposits. 
The  occurrence  of  natural  gas  is,  however,  not  dependent  upon  mere 
chance,  as  is  popularly  supposed,  but  upon  the  existence  of  special 
geological  phenomena;  this  fact  is  now  recognized  by  professional 
men  and  by  many  practical  men  concerned  either  in  the  exploration 
for  or  in  the  use  of  this  gas. 

The  desire  amono;  our  leading  manufacturers,  to  emulate  Pitts- 
burgh,  has  led  to  the  sinking  of  many  wells  in  many  localities,  in 
search  of  natural  gas.  Some  of  these  w'clls  are  now  being  located 
and  drilled  under  the  direction  of  professional  experts,  but  many 
more  have  been,  and  are  still  being  located  by  "quack  "  explorers, 
who  often  depend  upon  spiritualistic  communications,  or  the  djvining- 
rotl,  or  by  intelligent  persons,  who  are  ignorant,  however,  of  the 
geological  and  physical  conditions  under  which  gas  has  already  been 
found. 

My  attention  has  recently  been  directed  to  a  number  of  these  ex- 
ploring operations  where  holes   have  been  drilled,  and,  after  failing 

*  In  the  Annual  Report  of  the  Geological  Survey  of  Pennsylvania,  for  1885, 
Prof.  Lesley  uses  the  name  rock-gas  in  preference  to  tlie  name  natural  gas.  Tlie 
gas  generated  by  the  natural  decomposition  of  animal,  vegetable,  and  mineral 
substances,  not  enclosed  in  stratified  rocks,  is  certainly  a  natural  gas,  while  the  gas 
obtained  from  the  Pennsylvania  wells  is  specifically  a  rock-gas,  as  the  oil  obtained 
in  the  same  way  is  rock-oil.  The  name  natural  gas  as  applied  to  the  latter  gas, 
however,  is  now  so  universally  employed  that  it  would  be  impossible  at  this  time 
to  effect  a  change  of  name. 
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to  find  gas,  my  advice  has  been  sought  as  an  expert.  In  some  lo- 
calities, where  this  search  has  been  made,  every  known  geological 
fact  is  against  the  occurrence  of  gas,  and  in  other  localities,  if  gas 
exists  within  the  general  limits  where  the  explorations  have  been 
made,  the  wells  have  been  drilled  at  points  where  the  opportunities 
for  obtaining  gas  were  the  least;  in  other  cases,  wells  have  been 
drilled  to  insufficient  depths,  thus  proving  nothing. 

One  of  the  members  of  the  Institute,  a  prominent  manufacturer  in 
Philadelphia,  recently  consulted  me  as  to  the  advisability  of  drilling 
a  well  for  gas  to  a  depth  of  3000  feet  within  the  city  limits.  In  this 
case  the  drilling  of  the  well  was  suggested  by  a  driller  from  Pitts- 
burgh, who  made  an  offer  to  drill  a  well  to  a  depth  of  3000  feet  for 
$30,000.  The  offer  was  practically  entertained,  and  a  contract  would 
probably  have  been  signed  for  drilling  a  well  in  a  district  where, 
for  sufficient  geological  reasons,  it  was  absolutely  impossible  to  find 
natural  gas,  and  at  a  price  for  drilling  five  or  six  times  greater  than 
the  probable  actual  cost.  I  mention  this  circumstance  as  only  one 
of  a  number  which  might  be  cited  to  show  the  need  of  proper  pro- 
fessional direction  in  all  gas-explorations,  especially  in  new  districts. 
Even  in  territory  contiguous  to  producing  gas-wells,  a  geologist 
familiar  with  the  horizontal  and  vertical  structure  of  the  rocks  can 
often  prevent  the  drilling  of  useless  wells,  which  must  ultimately 
prove  dry,  and  advise  the  drilling  of  wells  at  points  where  the  chances 
for  getting  gas  are  the  greatest. 

Although  natural  gas  has  been  made  use  of  to  a  greater  or  less 
extent  for  heating  and  illumination  for  over  threescore  years,  it  has 
only  been  within  the  last  three  years  that  practical  men  have  ac- 
corded to  the  natural-gas  question  the  importance  which  it  deserves. 
Many  of  the  gas-springs  and  finds  of  gas,  in  oil-,  water-,  or  exploring 
wells,  throughout  the  States,  have  not  been  noted,  because  the  value 
of  the  gas  as  a  fuel  or  illuminant  has  not  been  recognized.       * 

II.   Natural-Gas  Literature. 

The  literature  on  the  subject  of  the  geological  occurrence  of  natu- 
ral gas,  except  in  areas  contiguous  to  the  Pennsylvania  oil-regions, 
is  very  meager ;  and  scarcely  anything  has  been  published  on  its 
geology,  except  that  contained  in  the  reports  of  the  Pennsylvania 
Survey,  in  a  pamphlet-report  recently  published  by  Dr.  Orton,  State 
Geologist  of  Ohio,  and  in  special  private  communications  by  Mr. 
Carl  I,  Dr.  Chance,  Prof  White,  and  myself. 

In  considering  the  geologic  distribution  of  gas   in   the   United 
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States,  there  arc  not  sutlioient  tacts  at  present  in  my  possession,  or 
in  that  of  any  one  geologist,  to  make  a  paper  on  the  snhjeot  com- 
plete or  exliaustive.  1  merely  \vis!i,atthe  present  time,  in  stating 
facts  with  which  I  am  familiar,  to  direct  the  attention  of  the 
membei-s  of  the  Institute  to  the  importance  of  the  subject. 

III.   New  Era  in  Fuel-Economy. 

The  practical  application  of  natural  gas  in  various  forms,  in 
Western  Pennsylvania,  has  opened  a  new  era  in  fuel-economy,  and 
in  the  development  of  heat  and  mechanical  power.  The  practical 
necessity  is  now  forced  ujwn  every  community,  where  there  is  the 
slightest  possibility  of  finding  natural  gas,  to  make  thorough  and 
intelligent  explorations  for  it.  For  all  other  communities,  where, 
from  the  geological  conditions  of  underground  structure,  it  is  impos- 
sible for  the  rocks  to  contain  gas  in  commercial  quantities,  it  is 
equally  important  to  manufacture  a  fuel-gas.  There  is  no  doubt 
that  the  greatest  advance  to  be  made  in  the  practical  arts  and  sciences 
during  the  next  two  decades,  is  to  result  (a)  from  a  systematic  search 
for  natural  gas,  (6)  from  a  practical  consideration  of  the  question  of 
the  manufacture  and  (c)  utilization  of  both  the  natural  and  artificial 
gaseous  fuels,  and  {d)  in  the  adaptation  of  plant  and  machinery  to 
the  new  fuel-relations  which,  for  economy's  sake,  I  believe  we  are 
bound  soon  to  establish. 

IV.   Structture  of  Gas-Producing  Rocks. 

It  is  difficult  to  prescribe  any  fixed  limits  in  the  geological  scale 
to  the  occurrence  of  natural  gas  and  petroleum.  Every  known  rock, 
except  the  eruptive  rocks,  contains  the  remains  of  organic  matter, 
animal  and  vegetable;  and,  since  it  is  quite  certain  that  both  oil 
and  gas  result  from  the  decomposition  of  organic  remains,  it  is  quite 
possible  to  find  oil  and  gas  in  rocks  of  any  geological  age,  subse- 
quent to  the  Arciisean  or  rocks  without  life:  in  some  rocks  in  com- 
mercial quantities,  and  in  other  rocks  in  quantities  so  small  as  to 
be  only  of  scientific  interest  to  the  geologist  and  mineralogist. 

Next  to  the  necessity  of  having  a  sedimentary  bed,  such  as  sand- 
stone, shale  or  slate,  in  which  animal  or  vegetable  remains  of  past 
geological  ages  have  been  buried,  or  a  limestone  bed  made  from 
water  shells,  the  presence  of  natural  gas  is  dependent  upon  the 
existence  of  a  porous  or  cavernous  rock  to  serve  as  a  reservoir  to 
hold  the  gas,  and  of  an  overlying  impervious  rock-roof  to  confine 
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the  gas.  The  other  necessary  conditions  for  the  occurrence  of  gas 
are  more  dependent  upon  the  forces  to  which  the  strata  have  been 
subjected  and  the  resulting  geological  structure  than  upon  the  age 
of  the  rocks  themselves. 

It  is  not  my  intention  to  describe  in  this  place  the  geological 
structure  of  the  prominent  gas-districts,  or  even  to  discuss  the  gen- 
eral structural  conditions  under  whicli  the  earth's  crust  must  exist 
for  the  occurrence  of  gas  in  commercial  quantities,  but  to  indicate 
the  geological  age  of  some  of  the  rocks  which  have  produced  petro- 
leum and  gas.* 

The  practical  necessity  of  gas-explorers  first  understanding  the 
structure  of  the  rocks  in  any  locality  where  explorations  are  planned 
is  tersely  set  forth  in  the  following,  from  a  few  of  the  conditions  re- 
cently enumerated  by  Professor  Lesley,  as  to  the  occurrence  of  gas 
in  Pennsylvania: 

"  Shall  I  bore  for  gas  at  my  works  ?  is  a  question  so  often  asked 
and  so  seldom  answered  with  intelligence,  that  a  short  statement  of 
the  principles  involved  in  a  correct  answer  to  it  will  probably  be  of 
use. 

"  First  of  all,  there  can  be  no  gas  stored  up  in  the  oldest  rocks. 

"  Secondly,  there  can  be  r^o  gas  left  underground  where  the  old 
rocks  have  been  turned  up  on  edge  and  overturned,  fractured  and  re- 
cemented,  faulted  and  disturbed  in  a  thousand  ways.  If  there  ever 
was  any,  it  has  long  since  found  innumerable  ways  of  escape  into 
the  atmosphere. 

"  Thirdly,  there  is  not  the  least  chance  that  any  gas  is  left  under 
ground  in  the  greatly  folded,  faulted,  crushed,  and  hardened  forma- 
tions. Where  the  oil  and  gas-rocks  rise  to  the  surface  as  they  do  in 
a  thousand  places,  they  show  that  all  their  oil  and  gas  has  escaped 
long  ago. 

"  Where  the  rock-formations  lie  pretty  flat  and  have  remained 
nearly  undisturbed  over  extensive  areas,  there  is  always  a  chance  of 
finding  gas  (if  not  oil)  at  some  depth  beneath  the  surface  determined 
by  the  particular  formation  which  appears  at  the  surface. 

"  And,  finally,  wherever  rock-oil  has  been  found,  there  and  in  the 
surrounding  region  rock-gas  is  sure  to  exist." 

The  question  of  the  geological  structure  of  the  rocks  in  possible 
oil  and  gas  territory  is  of  as  great  importance  in   practical  explora- 

*  All  petroleum-bearing  rocks  contain  gas  in  greater  or  less  quantity,  and  in  all 
rocks  holding  gas  a  certain  amount  of  petroleum,  however  small,  is  sure  to  be  found. 
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tions  as  the  question  of  the  geoKigical  age  of  the  rocks  themselves. 
A  consideration  of  the  former  question  is  postponed  for  the  present. 

Y.  Value  of  Geology  to  Gas-Explorers. 

Although  petroleum  and  gas  have  both  been  reported  as  existing 
in  a  majority  of  the  States,  and  occurring  in  geological  formations 
from  the  glacial  drift  of  the  Quaternary  system,  down  to  the 
Trenton  limestone  at  the  base  of  the  Palreozoic  system,  yet  at  ])resent 
our  prominent  producing  gas-districts  are  confined  to  New  York, 
Pennsylvania  and  Ohio;  and  the  gas  comes  from  the  Palreozoic 
strata.  In  a  number  of  other  States,  the  oil  and  gas  shows  are 
sutticient  to  warrant  a  practical  exploration  for  natural  gas. 

The  tendency  among  practical  oil-  and  gas-well  drillers  and  opera- 
toi-s  to  discover  in  a  new  district  the  same  section  of  rocks  as  found 
in  an  old  district,  however  distant  the  new  district  may  be  from  the 
old,  makes  it  important  that  both  drillers  and  operators  should 
realize  the  fact,  as  proven  by  geological  investigation,  that  no  two 
wells  can  be  put  down,  distant  from  one  another  but  a  few  miles, 
where  the  same  section  of  rocks  may  be  found  in  both  wells. 

Many  illustrations  might  be  cited  to  prove  this  assertion.  One 
which  has  come  to  my  notice  within  the  last  few  weeks,  may,  how- 
ever, make  this  point  clear  :  Two  wells  exploring  for  gas  were 
located  without  the  aid  of  a  })rofessional  geologist  in  a  certain  dis- 
trict, and  drilled  by  as  intelligent  operators  and  drillers  as  one 
will  find  in  a  day's  travel  in  the  Pennsylvania  region.  One  of  these 
wells  was  started  in  the  Hudson  River  shales  and  drilled  to  the 
Trenton  limestone,  with  the  hope  of  finding  gas.  The  other  well, 
about  20  miles  distant  from  the  first,  was  started  in  the  Catskill 
sandstone,  and  it  was  expected  that  the  Trenton  limestone  would 
be  found  at  the  same  depth  in  this  well  as  in  the  first  well.  When 
my  advice  was  subsequently  sought  I  was  able  to  prove,  after  an 
extended  survey,  that  the  stratum  in  which  the  first  well  was  started 
could  not  be  reached  in  the  second  well  before  the  drill  should  have 
gone  to  a  distance  of  one  vertical  mile,  a  depth  600  feet*  greater 
than  has  ever  been  drilled  to  on  the  American  continent. 

Another  illustration  of  the  same  fact  is  referred  to  further  on,  in 

*  The  Dilworth  well,  being  drilled  by  Mr.  George  Westinghouse,  Jr.,  at  Home- 
wood,  Allegheny  County,  Penna.,  had  attained  a  depth  of  4618  feet,  Deceml)er  Ist, 
1886,  and  is  still  being  drilled  deeper.  This  is  the  deepest  bore  hole  which  has 
been  drilled  on  the  continent.  The  last  report  I  have  of  the  Sperenberg  well  near 
Berlin  gives  the  depth  as  5170  feet. 
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the  sections  of  five  wells  drilled  in  McKean  and  northern  Elk 
counties.  There,  the  differences  in  the  sections  of  the  wells  are  not 
as  great  as  in  the  case  referred  to  above ;  but  they  are  sufficiently 
great  to  prove  the  practical  necessity  of  a  geological  study  of  well- 
records  in  all  explorations  for  oil-  and  gas-sands.  Illustrations 
similar  to  that  given  for  McKean  and  Elk  counties,  might  be  noted 
for  that  part  of  Pennsylvania  lying  between  Elk  county  and  the 
AV^ashington  and  Greene  districts,  in  the  southwestern  part  of  the 
State. 

All  the  oil  and  gas  in  the  three  States  referred  to  have  been  found 
in  the  sandstone,  shale,  and  limestone  strata  of  the  Palreozoic  system, 
with  the  exception  of  a  small  amount  of  gas,  which  has  been  found 
in  the  glacial  drift  in  several  States  The  thickness  of  these  strata 
range,  from  5000  feet  in  Ohio,  to  30,000  feet  in  Central  Pennsylvania, 
to  11,000  feet  in  Eastern  New  York.  On  account  of  the  varying 
thickness  of  the  rocks,  it  is  readily  perceived  that  a  knowledge  of 
the  different  individual  formations  in  special  localities  where  gas-ex- 
plorations are  to  be  carried  on,  is  of  the  highest  importance. 

It  has  been  a  fact  long  recognized  by  geologists,  that  in  some 
cases  many  of  the  exploration- or  "wild-cat"  wells  are  drilled 
through  formations  in  which  it  is  highly  improbable  that  any  gas 
will  be  found;  in  other  cases,  the  wells  have  been  drilled  to  a 
greater  depth  than  would  be  necessary  to  make  the  test  complete, 
thereby  incurring  needless  expenditure;  and,  in  still  other  cases, 
wells  have  not  been  drilled  deej)  enough  to  make  the  test  as  to  the 
existence  of  gas  a  satisfactory  and  final  one. 

VT.   Rock  Sections  in  New  York,  Pennsylvania 
AND  Ohio. 

The  succession  and  thickness  of  the  Palseozoic  rocks  in  New 
York,  Pennsylvania,  and  Ohio  is  indicated  on  the  accompanying 
chart. 

The  thicknesses  given  for  the  different  formations  on  this  chart, 
show  wide  differences,  and  are  sufficient  proof  of  the  necessity  of 
geological  knowledge  in  any  extensive  drilling  operation,  where  it 
is  proposed  to  sink  the  drill  to  a  definite  stratum.  In  such  a  case 
it  is  not  only  important  to  know  in  what  formation  drilling  is  com- 
menced, but  how  far  above  the  lower  limit  of  the  formation,  and 
the  probable  thickness  of  the  underlying  formations. 

In  Central  Pennsylvania,  where  on  account  of  structural  reasons 
it  is  absolutely  impossible  to  find  oil  or  gas,  the  Palseozoic  rocka 
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are  i^enerally  thirker  than  elsewhere  in  the  tliree  States.  I  have 
given  a  se<'tion  of  eentral  Pennsylvania,  not  because  it  is  of  any  spe- 
cial use  to  oil-  and  gas- prospectors,  but  because  it  furnishes  addi- 
tional evidence  of  the  thickening  and  thinning  of  our  geological 
formations  in  ditl'orent  directions. 

Even  within  the  limits  of  the  oil-regions  proper,  the  formations 
through  which  many  oil-  and  gas-wells  have  been  drilled,  vary 
greatly.  The  Venango-Butler  group  of  oil  rocks,  which  I  consider 
in  a  general  way  equivalent  to  the  Catskill  sandstone  No.  IX.,*  varies 
in  thickness  from  250  feet  in  McKean  county,  to  500  feet  in  Alle- 
gheny county;  while  the  thickness  of  the  Pocono  sandstone  between 
McKean  and  Fayette  counties,  varies  from  250  to  650  feet. 

In  the  Helderberg  hills,  in  the  vicinity  of  Knowersville  in  New 
York,  where  gas  has  recently  been  found  in  the  Hudson  River 
shales,  the  Clinton,  Medina,  and  Oneida  formations  have  thinned 
out  to  a  knife-edge,  and  the  lower  Helderberg  and  Niagara  lime- 
stones rest  directly  on  top  of  the  Hudson  River  shales. 

In -Blair  county,  Pennsylvania,  immediately  in  front  of  the 
Allegheny  Mountain  escarpment,  the  Clinton,  Medina,  and  Oneida 
formations  have  a  combined  thickness  of  3200  feet,  so  that  if  any 
gas  exists  in  the  Hudson  River  shales,  or  in  the  Trenton  limestones 
in  the  vicinity  of  Pittsburgh,  80  miles  west  of  Blair  county,  it 
must  be  at  such  a  depth  that  it  would  be  absolute  folly  to  talk  of 
drilling  for  it. 

A  notable  instance  of  a  change  in  the  thickness  of  the  rocks 
which  many  of  the  Pennsylvania  oil-  and  gas-wells  have  pierced,  is 
found  in  McKean  and  northern  Elk  counties.  Many  of  the  explo- 
ration-wells which  have  been  drilled  in  these  two  fields  have  been 
drilled  in  ignorance  of  this  important  geological  fact.  The  change 
in  thickness  is  so  marked  within  comparatively  short  distances  that 
it  is  worthy  of  mention  here  as  an  illustration.  (See  accompanying 
map  and  sections,  Plate  I.) 

*  I  suggested,  in  1878,  that  the  Venango  rock  group  from  the  top  of  the  First 
oil-sand,  producing  the  heavy  oil  at  Franklin,  down  to  the  bottom  of  Third  oil- 
sand  productive  at  Oil  City  and  elsewhere,  was  probably  equivalent  to  the  Catskill 
formation,  No.  IX.,  and  so  published  the  fact.  Other  geologists  have  considered 
that  the  Venango  group  belongs  to  the  top  of  the  Chemung  formation.  I  mention 
this  fact  here,  because  all  ray  subsequent  investigations  confirm  my  original  view, 
and  this  equivalency  is  a  great  aid  now  to  a  proper  understanding  of  the  structure 
of  the  Pennsylvania  oil-region.  The  only  part  of  the  Venango  group  which  I  am 
willing  to  concede  as  possibly  of  Chemung  age  is  the  Third  oil-sand,  and  even 
this  I  consider  extremely  doubtful. 
VOL.  XV.— 33 
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In  the  Dennis  well  at  Bradford,  the  top  of  the  oil-sand  is  1782 
feet  below  the  bottom  of  the  Olean  conglomerate,  which  is  the 
bottom  member  of  the  Pottsville  conglomerate,  No.  XII.  This 
rock  forms  the  most  important  key  to  the  geological  strncture  of  all 
of  those  rocks  which  ontcrop  in  northwestern  Pennsylvania.  At 
Ridgway,*  which  is  37  miles  south  of  Bradford,  the  distance  of  the 
representative  of  the  Bradford  oil-sand,  below  the  bottom  of  the 
Olean  conglomerate,  is  2374  feet,  showing  an  aggregate  thickening 
in  the  strata  toward  the  south  of  592  feet. 

Although  between  Bradford  and  Ridgway  there  is  a  general 
thickening  towards  the  south  in  all  the  formations  lying  between 
the  Olean  conglomerate  and  the  Bradford  oil-sand,  yet  the  greatest 
thickening,  as  observed  from  the  accompanying  chart,  is  in  the 
Pocono  sandstone,  No.  X. 

Persons  ignorant  of  the  general  geology  of  this  district  have 
thought  that  the  sand  struck  in  the  Ridgway  Gas  Company's  well, 
at  a  depth  of  2090  feet,  was  the  sand  that  has  produced  such  an 
abundance  of  gas  in  the  Roy  and  Archer  gas-pool,  about  7  -miles 
west  of  Wilcox  and  5  miles  south  of  Kane;  whereas  the  Ridgway 
well  would  have  needed  to  be  drilled  to  a  depth  of  at  least  2590 
feet,t  to  reach  the»position  of  this  sand,  if  there  were  no  thickening 
in  the  rocks  between  the  Roy  and  Archer  gas-pool  and  Ridgway  ; 
but,  if  the  same  allowance  for  the  thickening  of  the  strata  included 
between  the  Olean  conglomerate  and  the  Bradford  oil-sand  between 
the  Wilcox  wells  and  the  Ridgway  wells  be  made  for  the  thickening 
of  the  str?<^«  between  the  Roy  and  Archer  section  and  the  Ridgway 
section,  the  Ridgway  well  would  have  to  be  drilled  to  a  depth  of  at 
least  2800  feet,  to  pierce  the  geological  horizon  of  the  Roy  and 
Archer  gas-sand. 

This  brief  reference  to  a  few  of  the  geological  phenomena,  ex- 
hibited by  the  limited  facts  contained  on  the  geological  chart,  and 
the  McKean-EIk  map  and  sections  (Plate  I.),  shows  the  practical 
value  of  a  consideration  of  geological  questions  as  bearing  u[)on  gas- 
explorations, 

*  The  Ridgway  section  is  made  up  of  measurements  made  in  the  hill  east  of  the 
railroad  station,  from  the  Olean  conglomerate  down  to  the  top  of  the  Old  Dickinson 
well;  below  the  bottom  of  the  ('atskill  No.  IX.  the  section  is  made  n|>  from  the 
record  of  the  llidgway  Gas  Comi)any'8  well. 

f  This  is  according  to  Mr.  Carll's  estimate,  that  the  Roy  and  Archer  gas-sand 
is  about  500  feet,  geologically,  below  the  Bradford  oil-sand. 


IN   THE   UNITED   STATES.  515 

YII.  Xatural  Gas  in  Pennsylvania. 

All  the  oil- and  g^as-liorizons  in  Pennsylvania  are  located  in  sand- 
stones and  shales  tVoni  the  Portaii;e  up  to  and  ineUidinii;  the  Coal- 
Measures.  In  Ohio  the  oil-  and  gas-horizons  are  inchuled  in  the 
Palfpozoic  strata  from  the  upper  Coal-Measures  down  into  the 
Trenton  linifstone.  While  in  New  York,  where  natural  gas  is  more 
generally  distributed,  as  indicated  by  gas-springs,  than  in  either 
Pennsylvania  or  Ohio,  but  where  much  less  gas  has  been  found  in 
commercial  quantities,  the  gas-horizons  are  found  in  the  formations 
from  the  Chemung  down  to  the  Hudson  River  shales,  inclusive, 
with  the  possibility  that  sonje  may  be  found  in  the  Trenton  lime- 
stone. 

In  Pennsylvania,  no  oil  or  gas  has  yet  been  found  in  rocks  below 
the  Chemung  group.  In  the  central  and  eastern  parts  of  the  State, 
no  oil  or  gas  has  been  found  in  the  strata  which  are  petroliferous  in 
Western  Pennsylvania.  Here  the  oil-rocks  are  so  folded  and  dis- 
turbed, that  their  structural  conditions  preclude  the  retention  of  any 
oil  or  gas  which  these  strata  may  have  contained  when  occupying 
a  nearly  horizontal  position,  prior  to  the  great  Appalachian  uplift, 
at  the  end  of  the  Palaeozoic  time.  In  most  parts  of  W^estern 
Pennsylvania,  if  there  is  any  possil)ility  of  the  strata  below  the 
Chemung  group  containing  gas,  they  lie  at  too  great  a  depth  to  make 
it  practicable  to  drill  to  them. 

In  Northeastern  Pennsylvania,  where  the  Chemung  and  imme- 
diately underlying  formations  are  comparatively  flat,  and  are  not  at 
impracticable  depths,  they  may  be  found  to  contain  gas,  and  even 
oil,  in  commercial  quantities;  in  order  to  settle  the  question,  how- 
ever, for  this  part  of  the  State,  exploration-holes  will  have  to  be 
drille<:l.  I  have  no  facts  at  present  at  my  command,  which  would 
warrant  the  advice  that  wells  should  be  drilled  in  Northeastern 
Pennsylvania  for  either  oil  or  gas. 

1.   Thickness  of  Iiock  Coniain'mg  Gas. 

The  vertical  column  of  strata  in  which  oil  and  gas  have  been 
found  in  Western  Pennsylvania,  along  a  line  drawn  from  Connells- 
ville  in  Fayette  county,  to  Cotfdersport  in  Potter  county,  has  been 
carefully  measured  in  various  counties,  by  different  assistants  of  the 
Pennsylvania  Survey,  and  the  stratification  of  the  rocks  is  fairly 
well  understood.     Many  of  the  rock-thicknesses  which  have  been 
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measured  and  reported  by  the  Survey,  are  given  on  the  accompany- 
ing chart,  and  on  the  sections,  Plate  II. 

From  the  highest  coal-measures  in  the  southwestern  part  of  the 
State,  down  to  the  Roy  and  Archer  gas-sand  in  northern  Elk 
county,  the  total  thickness  of  rocks  is  about  5000  feet.  We  owe 
our  knowledge  of  the  succession  and  thickness  of  the  strata  below 
the  base  of  the  Pottsville  conglomerate,  at  the  bottom  of  the  Lower 
Productive  coal-measures,  in  the  western  part  of  the  State,  to  the 
records  of  wells  in  the  oil-region.  Sections  of  these  strata  in 
Northern  Pennsylvania,  published  in  ray  State  reports  on  McKean, 
Elk,  Forest,  and  Cameron  counties,  were  measured  independently 
of  those  contained  in  Mr.  Carll's  elaborate  and  valuable  reports  on 
the  oil-regions;  but  some  of  the  geological  divisions  of  the  strata 
were  based  upon  lines  which  had  been  previously  established  by  Mr. 
Carll,  and  which  are  referred  to  in  more  or  less  detail  below.* 

On  account  of  the  intimate  connection  existing  between  oil  and 
gas,  it  is  reasonable  to  suspect  the  existence  of  natural  gas  in  all 
sandstones  .producing  oil. 

2.    Gas  in  Carhonifey^ous  Rocks. 

The  geologically  highest  oil,  yet  found  in  Pennsylvania,  of  which 
we  have  any  record,  is  along  Whitley  and  Dunkard  creeks  in  the 
southeastern  part  of  Greene  county.  According  to  Professor  J.  J. 
Stevenson:  "Three  persistent  sandstones  have  been  found  in  the 
wells,  at  165,  425,  and  560  feet  respectively,  below  the  Pittsburgh 
coal-bed,  and  their  thicknesses  are,  in  each  case,  QQ,  50,  and  400 
feet.  The  upper  sandstone  is  the  Morgantown,  the  middle  the 
Mahoning  sandstone,  which  caps  the  Lower  Productive  coal-mea- 
sures in  Western  Pennsylvania,  and  the  upper  part  of  the  lower 
sandstone  belongs  to  the  Lower  Productive  coal-measures,  and  the 
lower  part  to  the  Pottsville  conglomerate." 

The  highest  stratum  in  which  any  considerable  quantity  of  gas 
has  been  found  is  the  Homewood  sandstone,  constituting  the  upper 
of  the  three  usually  recognized  members  of  the  Pottsville  conglom- 
erate. Gas  has  been  found  at  this  horizon  in  the  immediate  vicinity 
of  Hickory  Post  Office,  Mt.  Pleasant  township,  Washington 
county,  in  wells  only  about  1060  feet  deep.  Gas  has  also  been 
found  at  the  same  geological  horizon  at  Cannonsburg,  in  Chartiers 
township,  same  county. 

*  For  more  detailed  facts  than  are  given  here,  see  Mr.  Carll's  report  (1885)  on 
oil  and  gas. 
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The  next  lower  gas-producing"  rook  in  the  geological  column  is  a 
sandstone  which  produce<l  gas  at  Thorn  Creek.  This,  no  doubt,  is 
identical  with  the  rock  in  which  gas  was  found  at  Lardintown  in 
the  southeastern  corner  of  Butler  county.  This  rock  may  be 
identical  with  the  Pit  Hole  grit,  described  by  Mr.  Carll,  and  the 
Berea  grit  of  the  Ohio  Survey.  In  Allegheny  and  Washington 
counties,  this  gas-sand  is  about  1725  feet  below  the  Pittsburgh  coal- 
bed,  and  between  800  and  900  feet  below  the  Homewood  sandstone. 

Professor  Orton  claims  that  the  Berea  grit  of  Ohio  is  in  all 
probability  the  First  oil-sand  of  the  Venango-Butler  group.  I 
believe,  however,  that  it  is  more  probably  the  Pit  Hole  grit.  This 
suggested  identity  would  make  the  Berea  grit  the  same  as  the  Thorn 
Creek  gas-sand. 

3.    Irregnlar  Structure  of  Bocks  South  of  Pittsburgh. 

It  might  be  naturally  inferred  from  the  positive  assertions  which 
are  continually  being  made  by  oil-  and  gas-well  operators,  that  the 
group  of  rocks  immediately  overlying  the  Venango-Butler  sands 
in  the  Pittsburgh  district  were  very  regular  in  their  occurrence, 
both  as  to  thickness*  and  character.  In  this  connection  it  might  be 
well  to  refer  to  Mr.  Carll's  report  on  this  subject,  as  follows: 

"  To  the  north  and  northwest  of  Washington,  as  far  as  Beaver 
Falls  and  Smith's  Ferry,  all  the  developments  indicate  that  im- 
portant changes  occur  in  the  stratigraphical  order  and  character  of 
the  rocks  below  the  mountain  sands.  This  is  a  part  of  the  middle 
ground  between  the  southwesterly  dipping  deposits  of  Pennsylvania 
and  the  southeasterly  sloping  rocks  of  Ohio;  and  it  will  be  strange 
indeed  if  the  whole  country  south  of  the  Ohio  River  and  west  of 
the  Monongahela,  should  not  be  found  to  be  a  region  of  consider- 
able irregularity  of  structure,  requiring  a  close  and  patient  study 
of  details,  and  the  drilling  of  many  unsuccessful  wells  to  unravel 
its  intricacies." 

Recent  developments  in  the  vicinity  of  Mt.  Morris,  Greene 
county,  and   in  West  Virginia,  immediately  south  of  the  Pennsyl- 

*  It  is  impossible  to  state  the  exact  vertical  distance  between  any  two  strata  in 
Western  Pennsylvania,  unless  a  very  limited  area  is  referred  to  in  the  immediate 
vicinity  of  an  actually  measured  section.  Although  there  is  a  remarkable  similarity 
in  many  of  the  measured  sections  throughout  the  oil-regions,  yet  the  individual  rocks 
or  group  of  rocks  are  subjected  to  great  variation  in  certain  directions  within  large 
area",  and  also  sometimes  to  purely  local  variations,  which  make  it  difficult  to  state 
thicknesses  for  extended  areas,  such  as  a  county,  within  intervals  smaller  than  50 
feet,  and  at  times  within  100  and  200  feet. 
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vania  State  line,  have  led  to  the  most  positive  statements  on  the 
part  of  drillers  and  operators,  as  to  the  identity  of  the  sands  which 
have  been  struck  in  the  wild-cat  wells  of  this  region.  These  asser- 
tions are  not  based  on  any  reasonable  comj^arison  of  facts,  but  upon 
dogmatic  opinions  without  any  geological  basis. 

4.    Gas  in  Catskill  Rocks. 

In  the  Pittsburgh-Washington  gas-districts,  the  producing  gas- 
sands  are  all  located  within  the  Venango-Butler  oil-group,  and 
immediately  above  it.  The  gas-sand  in  the  Murraysville  district 
comes  from  the  first  oil-sand  at  the  top  of  the  group,  and  the  gas 
at  Tarentum  and  Homewood,  and  the  lower  gas  at  Cannonsburg 
and  Hickory,  come  apparently  from  a  sand  immediately  over  the 
first  oil-sand. 

In  Beaver  county,  and  at  Pine  Run,  Westmoreland  county,  the 
gas  probably  comes  from  near  the  center  of  the  group,  while  still 
lower  in  the  group  is  located  the  gas-sand  of  the  McGuigan  well  in 
Washington  county,  and  the  Jones  and  Laughlin's  well  in  Pitts- 
burgh. 

The  Venango-Butler  oil-group  ranges  from  300  to  375  feet*  in 
thickness  in  Venango  and  Butler  counties,  and  within  it  lie  all  the 
most  prominent  producing  oil  and  gas-sands  of  Western  Pennsyl- 
vania, which  have  as  yet  been  exploited  from  Titusville,  in  Crawford 
county,  south.  The  Lardintown  sand  lies,  probably,  less  than  100 
feet  above  the  top  of  the  JNIurraysville  gas-sand. 

5.    Gas  in  Chemung  and  Portage  Rocks. 

Descending  the  geological  column  we  have  below  the  Venango- 
Butler  group,  from  300  to  350  feet  of  shales,  and  thin  sandstones, 
which,  us  far  as  explored,  contain  no  oil  or  gas. 

Below  this  barren  interval  lies  the  Warren  oil-group,  about  300 
feet  thick,  containing  the  Warren  Slush  oil-sand  and  Third  oil-sand. 
Both  of  these  sands  and  the  Clarendon  Third  sand  of  Warren 
county,  which  lies  probably  150  feet  below  the  Warren  Third  sand, 

*  This  group  of  rocks  in  parts  of  Allegheny  county  is  probably  500  I'eet  thick. 
The  variability  in  the  thickness  and  character  of  the  oil-  and  gas-sands  of  tiiis  group 
within  restricted  areas,  a  fact  not  fully  appreciated  by  oil-  and  gas-operators,  is 
fiufficient  evidence  of  the  practical  importance  of  drilling  operations,  even  around 
Pittsburgh,  being  conducted  under  the  general  suj)ervision  of  a  geologist  familiar 
with  the  stratigraphy  of  the  western  part  of  the  State,  and  of  the  principles  gov- 
erning such  geological  phenomena. 


I 


IN    THE    UNITED   STATES.  519 

all  contain,  with  oil,  a  certain  aniount  of  gas.  The  slush  oil  in  the 
Bnidford  district  has  considerable  gas  associated  with  it,  and  comes 
probably  from  the  Clarendon  horiz(Mi. 

The  oil-sand  of  the  Allegany  district,  New  York,  is  also  a  gas- 
producer.  According  to  Mr.  Carll  this  sand  lies  about  150  feet 
below  the  Clarendon  Third  sand.  From  my  own  examinations, 
made  in  both  the  Allegany  and  Bradford  oil-districts  and  across 
the  intervening  country,  I  was  disposed  to  regard  this  sand  as  iden- 
tical with  the  Bradford,  which  lies  between  300  and  400  feet  below 
the  Clarendon  Third  sand. 

About  200  feet  below  tiie  Clarendon  Third  is  located  the  oil-sand 
of  the  Cherry  Grove  district,  in  Warren  county,  and  the  gas-sand 
of  the  Sheffiehl  gas-pool,  which  extends  across  Warren  and  McKean 
counties  along  a  line  south  of  the  Philadelphia  and  Erie  Railroad  : 
the  Sheffield  is  one  of  the  largest  and  most  prolific  gas-pools  in 
Pennsylvania. 

The  Bradford  oil-sand,  which  in  the  geological  column  is  over 
100  feet  below  the  Sheffield  gas-sand,  and  the  Cooper  oil-sand, 
which  is  probably  still  lower  than  the  Bradford  sand,  are  both  oil- 
aud  gas-j)roducers. 

The  only  other  gas-sands  which  have  so  far  been  developed,  and 
which  are  worthy  of  a  general  consideration,  are :  (1)  the  Kane  sand,* 
which  is,  no  doubt,  stratigraphically  below  the  Smethport  sand, 
which  latter  sand  I  named  in  1878,  and  which  occurs  360  feet  below 
the  Bradford  sand  ;  and  (2)  the  sand  of  the  Roy  and  Archer  gas- 
pool,  in  the  northwestern  corner  of  Elk  county.  According  to  Mr. 
Carll,  the  geological  position  of  this  latter  sand  is  over  500  feet  below 
that  of  the  Bradford  sand,  and  more  than  1800  feet  below  the  hori- 
zon of  the  Murraysville  gas-sand. f 

It  is  hardly  probable  that  any  three  or  more  of  these  different 
gas-sands  will  be  found  to  be  large  producers  in  any  one  well,  or,  in 
fact,  in  any  one  pool  in  Pennsylvania.  It  is  probable,  however, 
that  some  of  these  individual  gas-sands  will  be  found  to  be  large 
producers  in  territory  which  has  not  as  yet  been  tested  by  the 
drill. 


*  The  Kane  gas-sand  may  be  identical  with  the  Roy  and  Archer  sand. 

t  That  is,  in  northern  Elk  county.  Whether  the  Roy  and  Archer  gas-sand  has 
a  representative  in  Allegheny  and  Washington  counties,  and  if  so,  how  far  below 
the  Murraysville  gas-sand  in  tiiese  two  counties  it  would  occur,  are  questions  not  to 
be  theorized  upon,  but  to  be  settled  by  actual  drilling. 
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yill.   Durability  of  our  Gas  Supply. 

The  amount  of  gas  at  present  flowing  from  the  explored  sands 
in  Pennsylvania  is  probably  two  or  three  times  greater  than  is 
required  to  meet  all  present  demands.  With  an  appreciation  of  this 
fact,  and  of  the  possibility  of  extending  the  oil-pools  and  develop- 
ing new  ones,  verv  little  alarm  should  be  entertained  as  to  the  ex- 
haustion  in  the  near  future*  of  the  gas-sands  of  Pennsylvania  and 
the  prostration  of  the  manufacturing  interests  which  have  now 
become  dependent  upon  its  use.f 

It  becomes  a  question  of  vital  importance  to  the  Commonwealth 
of  Pennsylvania,  and  to  every  citizen  interested  in  the  industrial 
concerns  of  the  State,  that  the  extravagant  waste  of  natural  gas 
now  going  on  everywhere  throughout  the  oil- and  gas-region  should 
be  stopped.  The  action  of  the  Philadelphia  Company  (supplying 
Pittsburgh),  which  is  now  the  largest  natural-gas  company  in  Penn- 
sylvania, in  shutting  in  the  wells  all  the  surplus  gas  which  is  not 
needed,  should  be  emulated  by  every  individual  who  has  pecuniary 
interests  in  gas- wells,  and  it  is  a  question  which  should  be  settled  by 
our  State  legislature,  by  compelling  all  gas-well  drillers  and  opera- 
tors to  shut  in  the  gas  which  is  not  needed. 

Although  I  believe  the  present  manufacturing  and  domestic  con- 
sumers of  natural  gas  will  not  return  to  coal  for  fuel  when  the  gas 
is  exhausted,  but  will  use  a  manufactured  fuel-gas,  yet  at  the  same 
time,  a  region  such  as  Pittsburgh,  where  natural  gas  is  so  abundant, 
must  always  have  an  advantage  over  a  community  depending  u[)on 

*  It  must  be  remembered,  that  there  seems  to  be  no  doubt,  that  all  the  gas 
which  can  be  obtained  for  commercial  purposes  now  exists,  and  is  stored  in  an 
exhaustible  reservoir ;  so  that,  the  same  as  with  all  other  mineral  deposits,  the  life 
of  a  gas-pool  is  proportional  to  the  amount  of  gas  contained  and  to  the  demands 
made  upon  it. 

f  Tiiere  is  no  ground  for  the  alarm  which  is  entertained  by  some  persons  in  the 
gas-regions,  but  by  many  more  in  other  sections  of  the  country  in  the  direction 
indicated,  since  some  of  the  natural-gas  supply-companies  (notably,  the  Philadel- 
phia Company)  have  already  taken  into  consideration  the  manufacture  of  a  fuel- 
gas  whicii,  in  the  event  of  the  failure  of  the  natural  product,  could  be  supplied  to 
consumers,  even  in  the  Pittsburgh  coal-region,  at  prices  which  would  compete  with 
the  cost  of  coal.  A  company  is  now  being  organized  in  Pittsburgh,  for  the  purpose 
of  organizing  heat,  power,  and  light  companies  throughout  the  United  States.  This 
company  has  planned  to  introduce  natural  gas  wherever  it  can  be  found  for  fuel  in 
conjimction  with  electricity  (Westinghouse  Incandescent  System)  for  liglit.  Where 
natural  gas  cannot  be  found  it  is  planned  to  combine  with  existing  illuminating- 
gas  companies,  convert  the  illuminating-gas  plant  into  a  fuel-gas  plant,  and  replace 
the  illuminating  gas  by  electricity. 
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manufactureil  fuel-gas  ;  and  as  long  as  the  Pittsburgh  supply  of  gas 
can  be  kept  up,  it  will  induce  manufacturers  to  establish  their  works 
at  Pittsburgh  in  preference  to  other  places,  and  thus  add  to  the  wealth 
of  the  State.  For  this  reivson  it  behooves  every  citizen  of  the  State, 
whether  in  Pittsburgh,  in  Piiiladelphia  (where  natural  gas  will 
never  l)e  found),  or  elsewhere,  to  prevent  the  criminal  waste  of  gas 
which  is  now  going  on  in  so  many  localities  in  Western  Pennsyl- 
vania. 

IX.   Natural  Gas  in  Ohio. 

In  Ohio,  as  far  as  developed,  all  the  natural-gas  horizons  are 
contained  in  Pa1i\N")zoic  strata,  from  the  Upper  coal-measures  down 
and  into  the  Trenton  limestone.  The  most  prolific  gas-bearing 
rocks  are  the  Berea  grit  in  the  Subcarboniferous  period,  and  the 
Trenton  limestone  in  the  lower  Silurian  period. 

Professor  Orton  calls  the  territory  in  which  gas  is  obtained  in  the 
Berea  grit  and  Trenton  limestone,  high-pressure  territory,  and  the 
territory  in  which  the  gas  comes  from  the  Ohio,  Clinton,  Medina, 
and  Hudson  River  shales,  low-pressure  territory.* 

1.   Gas  in  the  Berea  Grit. 

According  to  Orton,  "the  Berea  grit  territory  occupies  thirty-six 
counties  of  Eastern  Ohio,  in  whole  or  in  part.  Through  all  of  this 
area,  the  Berea  grit  is  due  at  a  depth  of  300  to  2000  feet  below  the 
surface.  It  is  everywhere  roofed  with  a  thin  bed  of  black  Berea 
shale,  which  in  turn  is  covered  by  200  to  500  feet  of  the  light- 
colored  Cuyahoga  shales.  It  everywhere  overlies  a  great  thickness 
of  Bedford  and  Ohio  shales,  the  former  of  which  is  often  red,  and 
the  latter  of  which  always  carries  a  considerable  proportion  of  dark 
or  black  bituminous  shales,  interstratified  with  lighter-colored  bands. 
There  is  a  wonderful  uniformity  in  this  entire  series  throughout  the 
area  named,  as  has  been  shown  by  a  large  amount  of  drilling.  The 
productiveness  of  the  Berea  in  oil  and  gas  cannot  therefore  depend 
on  the  composition  of  the  series,  for  in  that  case  all  would  be  pro- 
ductive. It  must  depend  on  structure,  and  in  the  few  places  where 
it  has  been  found  productive,  abnormal  structure  has  been,  in  almost 
ever}'  instance,  already  detected. 

"  The  Berea  grit  is  not  the  only  petroliferous  horizon  in  this 

*  This  distinction  is  basefl  apparently  upon  the  fact  that  the  gas  from  the  Berea 
and  Trenton  rocI<s  is  of  higher  and  more  constant  pressure  and  in  larger  quantities 
than  the  gas  from  the  other  strata. 
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area.  The  Coal-Measure  sandstone  and  the  Waverly  conglomerate 
sometimes  yield  oil  and  high-pressure  gas,  but  all  these  must  be 
passed  before  the  Berea  is  reached. 

2.   Gas  in  the  Trenton  Limestone. 

"  The  Trenton  limestone  has  been  found  a  source  of  very  valu- 
able stocks  of  oil  and  gas  in  three  counties  of  the  State,  viz.,  Wood, 
Hancock,  and  Allen  ;  and  there  is  much  reason  to  expect  that 
Auglaize  and  Hardin,  and  possibly  Shelby,  Logan  and  Champaign 
counties,  may  prolong  the  productive  belt  southward.  The  north- 
western boundary  seems  already  fairly  well  defined  ;  the  north- 
eastern boundary  less  so,  by  reason  of  the  small  wells  at  Fremont, 
Carey,  and  Oak  Harbor.  The  southern  boundary,  which  has  not 
yet  passed  the  Allen  county  line,  will  be  looked  for  with  great 
interest. 

"  Practically  the  Trenton  limestone  is  as  effectually  cut  off  from 
the  Berea  grit  territory  as  the  Berea  grit  is  from  the  productive 
district  of  the  Trenton  limestone.  In  the  latter  case,  the  stratum 
to  be  sought  for  is  a  half-mile  in  the  air;  in  the  former,  a  half-mile 
under  ground." 

3.  Low  Pressure  Gas  in  Ohio. 

The  gas  derived  from  the  Coal-Measures,  Clinton,  Medina,  and 
Hudson  River  shales,  is  less  persistent  in  its  occurrence  and  very 
much  less  in  quantity  than  that  derived  from  the  Berea  Grit  and  the 
Trenton  limestone.  The  largest  gas-wells  obtained  from  this  group 
of  strata  are  three  at  Fremont,  Sandusky  county.  One  of  these  wells 
gets  its  gas  from  the  limestones  and  shales  in  the  Clinton  formation. 
The  horizon  of  the  gas  from  the  Ohio  shale  has  not  been  satisfac- 
torily determined,  but  it  is  probable  that  the  gas  comes  from  sporadic 
sand  shales  scattered  in  the  general  deposit. 

In  the  Maxburg  oil-field  the  oil  is  derived  from  the  Berea  grit, 
and  in  the  Lima  field  the  oil  is  derived  from  the  Trenton  limestone. 

4.  Discovery  of  Gas  in  Ohio  Important. 

The  discovery  of  natural  gas  in  0\\\o,  if  the  deposits  are  sufficiently 
great  and  constant  in  their  supply  for  commercial  purposes,  \s  the  dawn 
of  a  most  important  era  to  the  manufacturing  and  industrial  inter- 
ests of  that  State.  One  circumstance  is  worthy  of  special  mention  in 
this  connection.     In  Pennsylvania  the  finding  of  natural  gas  has  been 
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confinotl  larofely  to  the  region  in  Avhieh  valuable  coals  were  already 
beiiiiT  niineil,  and  were  supplying  a  cheap  and  desirable  fuel  to 
established  manufacturers.  In  Pennsylvania,  again,  the  finding 
of  natural  gas  will,  probably,  be  always  confiiieil  to  regions  j)roduc- 
ing  coal,  or  regions  but  a  few  miles  removed  from  coal-mines,  and 
in  which  coal  can  be  almost  as  cheaply  commanded  as  in  those  gas 
loctilities  immediately  at  the  coal-mines.  But  in  Ohio  gas  has  been 
found  in  areas  which  do  not  |)roduce  as  good  a  coal  for  manufac- 
turing fuel  purposes  as  in  Pennsylvania,  and  in  other  areas  many 
miles  removed  from  any  coal-field. 

Any  comparison  as  to  the  amount  of  gas  which  Pennsylvania  and 
Ohio  will  be  able  to  produce,  respectively,  in  the  future,  would  be 
invidious,  and  in  fact  we  have  not  sufficient  evidence  upon  which  to 
base  any  reliable  conclusion.  That  there  is  sufficient  gas  in  Ohio, 
as  well  as  in  Pennsylvania,  to  meet  the  demands  of  manufacturers  for 
a  number  of  years,  and  sufficient  in  many  localities  to  warrant  the 
erection  of  new  ])lants,  there  is  no  doubt;  but,  still,  it  is  well  to  bear 
in  mind  that  our  gas-supply  is  exhaustible,  and  that  our  future  sup- 
j)ly  is  now  stored  in  buried  rock-reservoirs.  When  these  reser- 
voirs are  emptied,  our  supply  will  have  gone.  It  is  true  that  on 
account  of  the  intimate  connection  between  oil  and  gas,  gas  will 
probably  always  be  produced  to  a  very  limited  extent  by  the  evapo- 
ration of  the  oil  contained  in  the  rocks. 

X.  Natural  Gas  in  New  York. 

In  the  State  of  New  York,  as  has  already  been  stated,  gas-springs 
are  more  general  in  their  occurrence  than  in  either  Pennsylvania  or 
Ohio.  AVith  the  exception  of  the  gas-wells  in  the  immediate  vicinity 
of  the  Alleghany  oil-district  in  Alleghany  county,  no  gas-wells  have 
been  obtained  wliich  are  comparable  to  those  in  either  Pennsylvania 
or  Ohio. 

At  Fredonia,  Chautauqua  county.  New  York,  gas  was  obtained 
from  a  well  as  early  as  1821.  In  the  Colburn  well,  which  was  drilled 
at  Fredonia  in  1871  and  1872,  all  the  gas  was  obtained  at  a  depth 
of  700  feet,  or  in  the  shales  350  feet  above  the  top  of  the  Corniferous 
limestone. 

In  1823,  Professor  Eaton*  measured  the  product  of  a  gas-sj)riug, 
immediately  west  of  the  village  of  Vernon,  Oneida  county.     Dr.  P. 

*  American  Journal  of  Science,  vol.  xv.,  No.  23(5. 
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Hayes,  in  the  New  York  Medical  and  Physical  Journal,  some  time 
prior  to  1842,  gives  an  account  of  inflammable  springs  in  Oneida 
county;  and,  in  LS39,  Professor  Hall,  in  a  New  York  Geological 
report,  describes  the  occurrence  of  gas  at  Manchester,  on  the  east 
side  of  Onondaga  Lake,  the  gas  issuing  from  clefts  in  the  rock.  At 
Gasport,  on  the  Erie  Canal,  in  Niagara  county,  about  six  miles  east 
of  Lockport,  Professor  Eaton,*  prior  to  1842,  describes  the  occurrence 
of  gas-springs. 

Many  other  references  have  been  published,  of  the  occurrence  of 
gas-springs  for  over  forty  years,  in  Dutchess,  Columbia,  Albany, 
Yates,  Munroe,  Cattaraugus,  Wayne,  Delaware,  Steuben,  Ontario, 
and  other  counties. 

1 .  Natural  Gas  not  Connected  with  Coal. 

It  is  interesting  to  know  that,  as  early  as  1842,  Professor  Beckf 
connected  the  occurrence  of  natural  gas  in  the  State  with  the  pres- 
ence of  petroleum  or  bituminous  matter  (not  coal),  which,  he  says, 
is  generally  diffused  through  the  strata  (sandstone  and  slate)  in  the 
localities  where  gas  is  found  ;  and  he  exploded,  at  that  early  day,  a 
notion  which  is  still  popular  among  misinformed  persons  that  the 
occurrence  of  natural  gas  has  something  to  do  with  the  occurrence 
of  bituminous  coal. 

2.   Geological  Horizons  of  Gas. 

The  wells  in  Alleghany  county  derive  their  gas  from  the  Chemung 
strata,  while  the  springs  in  the  counties  just  named  derive  their  gas 
from  the  Chemung,  Hamilton,  and  Hudson  Kiver  shales,  and  the 
Corniferous  and  Helderberg  limestones. 

A  well  has  recently  been  drilled  in  the  vicinity  of  Knowersville, 
Albany  county.  New  York,  and  gas  has  been  obtained  under  a 
pressure  of  40  pounds  to  the  square  inch,  from  the  Hudson  River 
shales,  at  a  horizon  about  700  feet  below  the  top  of  the  shales,  and 
below  the  bottom  of  the  Lower  Helderberg  limestone.  Considerable 
gas  is  reported  from  a  well  in  the  vicinity  of  Bloomfield,;j;  Ontario 
county.     Other  occurrences  in  New  York  might  be  cited. 


*  American  Journal  of  Science,  vol.  xv.,  No.  231. 

f  Natural  Hislory  of  New  York,  Part  3. 

X  Prof.  Chandler  reports  that  the  gas  came  from  this  well  at  a  depth  of  500  feet, 
and  that  the  well  discharged  at  one  time  as  much  as  800,000  cubic  feet  of  a  14^ 
candle-power  gas  daily. 
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XI.  Gas  Springs  and  Commercial  Gas. 

Although  it  is  possible  to  surmise  in  the  case  of  any  one  of  these 
gas-springs  the  particular  geological  horizon  from  \Yhich  the  gas 
comes,  it  is  impossible  to  make  any  exact  statement  on  the  subject. 
The  gas  in  these  springs  unquestionably  finds  its  esca{)e  through 
cracks  in  the  rocks.  The  source  of  the  gas  depencls  upon  the  depth 
to  which  the  cracks  extend  beneath  the  surface. 

Many  wells  have  been  drilled  for  gas,  within  the  last  ten  years, 
in  the  State  of  New  York,  south  of  the  Erie  Canal.  As  far  as  I 
am  aware,  but  few  of  these  wells  have  been  drilled  under  ])rofes- 
sional  advice,  and  it  is  impossible  to  conclude,  from  the  evidence 
which  has  so  far  been  collected,  whether  gas  will,  or  will  not,  be 
obtainetl  in  commercial  quantities  in  the  vicinity  of  any  of  the  nu- 
merous New  York  gas-springs.  It  must  be  remembered,  however, 
that  the  existence  of  a  gas-spring  is  no  positive  indication  of  the  ex- 
istence of  gas  in  large  quantities  in  the  rocks  at  any  considerable 
depth  below  the  surface,  in  the  vicinity  of  the  spring.  The  spring 
may  be  producing  gas  from  a  very  small  or  an  almost  exhausted 
reservoir,  or  the  gas  may  come  from  a  reservoir  containing  a  large 
amount  of  gas  under  high  pressure,  as  at  Findlay  in  Ohio. 

One  or  the  other  of  the  above  extreme  alternatives  can  alone  be 
decided  by  the  drill.  A  geological  examination  in  the  vicinity  of 
the  gas-spring  may,  however,  determine  many  facts  as  to  the  advisa- 
bility of  drilling  a  well,  the  best  location  for  drilling,  and  the  depth 
to  be  drilled  to.  So  far  as  I  am  aware,  the  first  historical  mention 
we  have  of  petroleum  in  the  United  States  was  the  discovery  of  the 
Cuba  oil-spring,  in  Alleghany  county.*  Although  a  number  of  oil- 
wells  have  been  drilled  in  the  vicinity  of  this  oil-spring,  no  produc- 
tive oil  or  gas-rock  has  been  discovered.  I  merely  mention  this  fact 
to  show  that  an  oil-spring,  as  well  as  a  gas-spring,  is  no  positive  in- 
dication of  the  existence  of  oil  or  of  gas  in  commercial  quantities, 
in  strata  underlying  the  spring. 

XII.  Natural  Gas  in  other  States. 

The  existence  of  natural  gas  in  other  Statesf  has  been  incidentally 
referred  to  in  n)any  professional  rej)orts.     Dr.  Newberry,  many  years 

*  Segard'p  Hi*toire  de  Canada. 

t  M_v  attention  has  recently  been  directed  to  the  occurrence  of  natural  gas  in 
several  States,  but  I  am  not  permitted  at  present  to  make  public  the  facts  which  I 
have  gathered  through  my  field  examination. 
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ago,  referred  to  the  occurrence  of  gas  under  flaggy  rocks  of  the 
Hudson  River  group  in  the  valley  of  the  Cumberhind  and  its  tribu- 
taries in  the  southern  part  of  Kentucky. 

During  the  oil-excitement  of  1865  and  1866,  a  number  of  wells 
were  drilled  in  the  northern  part  of  Perry  county,  Indiana.  These 
wells  were  generally  drilled  to  a  depth  of  700  feet,  and  a  small 
quantity  of  oil  and  gas  was  found  in  them. 

As  early  as  1833,  Dr.  Hildreth  described  gas-springs  occurring 
in  the  Little  and  Great  Kanawha  Valleys,  West  Virginia,  and  later 
he  described  those  in  the  valley  of  the  Big  Sandy,  Kentucky.  This 
latter  region  gives  great  promise  of  being  an  important  gas-district. 

In  1879,  the  Litchfield  Coal  Company,  at  Litchfield,  Illinois, 
drilled  a  well  from  the  bottom  of  their  coal-shaft,  and  found,  at  a  depth 
of  255  feet  below  the  coal-bed  in  the  shaft,  a  heavy,  lubricating  oil, 
associated  with  salt  water  and  gas.  This  gas-sand  lias  been  recently 
drilled  to  in  a  number  of  adjoining  wells,  and  gas,  both  for  heat  and 
illumination,  is  now  being  sup[)lied  to  the  town  of  Litchfield.  A 
number  of  wells  have  been  drilled  in  other  parts  of  Illinois,  and 
siiows  of  gas  obtained.  The  glacial  drift,  which  covers  for  a  con- 
siderable depth  large  areas  of  New  York,  Illinois  and  Ohio,*  con- 
tains, in  many  localities,  considerable  natural  gas,  which  has  been 
used  from  one  to  two  years  for  heat  and  illumination  in  houses  near 
by;  but  I  believe  there  is  not  sufficient  gas  in  the  glacial  drift 
at  anv  one  place  in  the  United  States,  to  be  of  much  commercial 
value. 

Reference  might  be  made  to  many  other  localities  in  the  United 
States,  where  gas  has  been  reported,  but  sufficient  geological  facts 
are  not  known  to  give  such  a  reference  interest  or  value  in  this 
place. 

If  this  paper  should  suggest  a  search  for  natural  gas  in  any  section 
of  the  United  States,  I  would  most  urgently  recommend  that  no 
drilling  of  wells  be  undertaken  until  after  a  careful  study  of  the 
geology  of  the  region,  as  bearing  on  the  occurrence  of  natural  gas, 
has  been  made;  otherwise,  the  fruitless  waste  of  money  incurred  in 
oil-  and  gas-exploration  in  Pennsylvania  during  the  past  ten  years 
will  be  repeated  in  other  regions. 


*  The  same  statement  might  be  made  as  to  the  occurrence  of  gas  in  the  glacial 
drift,  wiiich  covers. many  other  States,  the  most  prominent  examples  occur  however 
in  these  three  States. 
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APPEXDTX. 


Since  tlio  roadino;  of  the  foregoing  paper  miniorons  inquiries 
have  been  made  of  nie  as  to  the  composition  and  fnel-vahie  of 
natnral  gas  atul  the  extent  of  the  natnral-gas  business  in  the  vicinity 
of  Pittsburgh.  In  order  to  meet  these  inquiries,  I  append  a  recent 
article  on  the  former  subject  by  Professor  Lesley,  and  an  article  on 
the  latter  subject,  published  in  the  American  Blanufacturcr  and  Iron 
World. 


COMPOSITION  AND  FUEL-VALUE  OF  NATURAL  GAS* 
By  Professor  J.  P.  Lfsley,  State  Geologist  of  Pennsylvania. 

One  pound  of  coal  weighs  25  cubic  feet  of  gas. 

One  j)ound  of  coal  has  a  fuel-value  of  7  J  cubic  feet  of  gas. f 

In  1885,  300  miles  of  gas  mains  to  the  factories  and  dwellings  of 
and  around  Pittsburgh  furnished  heating  power  equal  to  2,000,000 
bushels  of  coal  per  month  =  1,000,000  tons  of  coal  per  annum. 

Before  the  end  of  1885  one  gas  company  in  Pittsburgh  reported 
335  miles  of  pipe  of  all  sizes,  displacing  the  use  of  about  10,000 
tons  of  coal  per  day,  or  3,650,000  tons  per  annum,  the  consumption 
growing  rapidly. J 

Probably  5000  men  will  be  dispensed  with.§ 


*  Extract  Annual  Report  Geological  Survey  of  Pennsylvania,  1885. 

t  Tlii^  was  the  reul-ied  jurf;pnenl  of  tiie  Cotniniltee  of  the  Engineers'  Society  West 
Pennsylvania,  who  reported  that  a  boiler  (which  did  not  quite  satisfy  them  as 
giving  the  most  economical  results)  which  evaporated  9  pounds  water  by  1  pound 
coal,  evaporated  20.31  pounds  water  by  1  pound  gas.  Allowing  23^  cubic  feet  to  1 
pound  of  gas  we  have:  (1)1  pound  gas  =:  2.25-5  pounds  coal;  and  (2)  1  pound  coal 
=—  10.12  cubic  feet  gas  for  evaporating  water.  But  for  the  above  reason,  say  7^. 
(S^e  description  of  test  in  Scientific  Avierican,  supplement  No.  520,  December  19th, 
1885.) 

X  W.  p.  .Shinn,  February,  1886.  Mr.  Carnegie  stated  in  1885  that  the  iron  and 
steel  mills  of  Pittsburgh  needed  166.000  bushels  of  coal  per  day ;  that  40,000  had 
been  replaced  by  gas.  Sixty  glass  works  needed  20,000  bushels,  mostly  now 
replaced  by  gas.     Outside  the  city  limits  the  replacement  had  been  about  the  same. 

2  In  a  steel  rail  mill,  instead  of  30  stokers  j)er  8  hours  (=90  per  day  to  handle 
400  tons  of  coalj  only  1  man  per  8  hours  is  now  needed  to  watch  the  water-gauges. 
(Carnegie.) 
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The  waste  at  the  wells  being  at  first  enormous,  there  was  no  econ- 
omy at  the  works;  but  of  late  precautions  have  been  taken  to  econ- 
omize the  supply. 

The  gas  is  odorless,  because  free  from  sulphur,  etc. 

This  purity  must  be  taken  into  account  in  estimating  its  value  as 
a  fuel.  It  makes  better  iron,  steel,  and  glass  than  can  be  made  with 
coal  gas  or  coal.* 

It  makes  steam  more  regularly,  because  there  is  no  opening  or 
shutting  of  doors,  and  no  blank  spaces  left  on  grate  bars  for  the  en- 
trance of  cold  air.  When  properly  arranged,  its  flow  regulates  the 
steam  pressure,  leaving  the  engine-man  nothing  to  do  but  watch 
the  steam  gauge. 

Boilers  last  longer,  and  fewer  explosions  result  from  unequal  ex- 
pansion and  contraction  when  cold  air  strikes  hot  plates. f 

The  theoretical  value  of  gas  as  compared  with  coals,  is  stated  in  the 
report  of  S.  A.  Ford,  chief  chemist  of  the  Edgar  Thomson  steel 
works,  210,0o9,604  heat  units  in  1000  cubic  feet  of  gas,  weighing 
38  pounds  avoirdupois,  while  the  same  weight  of  carbon  contains 
139,398,896. 

Therefore,  1000  cubic  feet  gas  =  57.25  pounds  carbon,  or 

Coke  (at  90  per  cent,  carbon),  62.97  pounds,  or 

Bituminous  coal,  54.4  pounds,  or 

Anthracite  coal,  58.4  pounds. J 

The  gas  thus  compared  with  coal  by  Mr.  Ford  was  a  gas  of 
average  chemical  composition.  In  point  of  fact  gas  from  one  well 
differs  from  gas  from  another  well ;  and  the  gas  from  one  and  the 
same  well  varies  in  its  chemical  composition  continually. § 

*  Tliis  of  itself  proves  that  it  does  not  originate  in  coal  measures.  But  if  it  be 
the  decomposition  of  any  kind  of  animal  or  any  vegetable  tissue  it  is  hard  to  explain 
the  lack  of  odor. 

t  A.  Carnegie. 

X  Mr.  Ford  premises  that  tliese  calculations  are  purely  tlieoretical,  giving  a  maxi- 
mum heat  which  will  probably  never  be  fully  realized  by  the  best  arrangements. 
In  conclusion  he  says  that  in  these  calculations  no  account  is  taken  of  the  loss  of 
heat  by  radiation,  etc.,  the  only  object  being  to  compare  the  fuels  in  respect  to  their 
heat  units. 

^  It  follows  in  the  case  of  wells  in  the  same  gas-basin  and  gas-rock,  that  if  the 
wells  difl'er  each  well  must  vary.  Arrange  four  wells  in  a  square,  N.,  E.,  S.  and 
W.  around  a  fifth  well  in  the  center  of  the  square;  then  the  gas  of  the  center  well 
will  con)e  from  N.,  E.,  S.  and  W.,  at  varying  rates  of  speed,  according  to  the  quality 
of  the  rock.  It  will  therefore  deliver  a  varying  mixture  of  N.,  E.,  S.  and  W.  gases. 
Place  three  otiier  wells  E.,  N.  and  W.  of  the  first  N.  well;  then  the  first  N.  well 
will  behave  in  like  manner;  and  so  on  throughout  a  group.     But  what  are  we  to 
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Gas  from  the  same  well  was  found  to  vary  in  nitrogen  from  23 
per  cent,  to  0  per  cent.,  in  carbonic  acid  from  2  per  cent,  to  0  per 
cent.,  in  oxvgen  from  4  per  cent,  to  0.4  per  cent.,  and  the  compo- 
nent gases  varicil  likewise.* 

Six  samples  taken  from  one  well  on  the  18th,  25th,  28th  and 
29th  October,  24ih  November  and  the  4th  December,  1884,  gave 
the  following  analyses  :f 


(0.) 

(&.) 

(<••) 

(d.) 

(O 

(/•) 

>rar8h  gas, 

.     57.85 

75.16 

72.18 

65.25 

60.70 

49.58 

Hydrogen, 

.       9.G4 

14.45 

20.02 

20.16 

29.03 

35.92 

Ethylio  hydride. 

.       5.20 

4.80 

3.60 

5.50 

7.92 

12.30 

OlefiaiU  gas. 

.      O.SO 

060 

0.70 

0.80 

0.^'8 

0.60 

Oxygen,     . 

.       2.10 

1.20 

1.10 

0.80 

0.78 

0.80 

Carbonic  oxide, 

.       1.00 

0.30 

1.00 

0.80 

0.58 

0.40 

Carbonic  acid,    . 

.      0.00 

0.30 

0.80 

0.60 

0.00 

0.40 

Uitrogen,  . 

.     23.41 

2.89 

0.00 

0.00 

0.00 

0.00 

The  heat-units  of  these  six  samples  of  gas  vary  accordingly, J  thus : 


think  of  such  a  state  of  things  in  the  gas-rock  ?  Has  it  once  been  charged  with  a 
homogeneous  gas,  and  has  the  gas  been  subsequently  differentiated  ?  Has  it  always 
been  charged  with  one  kind  of  gas  here,  another  tliere;  and  are  these  various  kinds 
of  gas  now  mingling  for  the  first  time?  If  each  kind  has  always  been  localized 
does  not  that  fact  (if  a  fact)  settle  the  question  of  the  original  production  of  the  gas 
in  the  rock  itself?  Can  ascension  from  below  of  any  but  homogeneous  gas  into  the 
sandrock  be  conceived  ?  or  even  if  variable  gases  come  to  the  sandrock  from  below, 
must  they  not  have  mingled  to  have  produced  a  homogeneous  charge  in  the  rock  ? 
Other  questions  can  be  asked.  The  fact  of  variable  composition  seems  to  me  to  be 
the  pivot  of  the  discussion  on  the  origin  of  gas.  It  seems,  moreover,  to  bear  with 
great  weight  on  reasoning  about  porosity,  pressure,  velocity  and  quantity. 

*  Wells  deposit  interesting  minerals.  In  one  case  the  pipe  was  nearly  choked 
with  soft  grayish-white  chloride  of  calcium.  In  another  case  the  first  rush  of  gas 
threw  out  crystals  of  carbonate  of  ammonia,  and  when  this  first  issuing  gas  was  tested 
Mr.  Ford  found  a  "considerable  amount  of  that  alkali."  In  about  two  months  the 
gas  of  this  well  began  first  to  show  chloride  of  calcium.  Both  these  deposits  are 
directly  referable  to  the  presence  of  salt  water  somewhere  in  the  rock  behind  the 
gas. 

t  The  figures  in  the  above  table  are  copied  from  the  printed  figures  in  the 
Amer.  Man.  Supplement,  April,  1886,  and  may  contain  errors.  The  great  quantity 
of  nitrogen  found  in  the  first  sample  (October  18th)  is  very  remarkable,  and  shows  a 
large  mingling  of  air  with  the  gas. 

X  The  analyses  of  the  chemist  of  the  Cambria  Iron  Company,  at  Johnstown,  ex- 
hibit similar  variations.  But  Dr.  Chance  has  suggested  a  possible  serious  source  of 
error  in  our  calculations  of  fuel-value  based  upon  the  heat-units  of  the  elements  of 
rock-gas,  if  we  acctpt  without  challenge  analy.ses  like  those  of  Dr.  Sadtler  and  Mr. 
Ford,  which  show  what  is  supposed  to  be  free  hydrogen  ranging  in  tlie  most  remark- 
able and  incomprehensible  manner  from  a  minimum  of  say  10  per  cent,  to  a  maxi- 
mum of  say  40  per  cent.  In  gas-analyses  "  free  hydrogen  "  cannot  be  separately 
VOL.  XV. — 34 
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(a.)  Gas  collected  October  18,  1884, 
(6.)  Gas  collected  October  25,  1884, 
(c.)   Gas  collected  October  28,  1884, 
(d.)  Gas  collected  October  29,  1884,      , 
(e.)   Gas  collected  November  24,  1884, 
(/.)   Gas  collected  December  4,  1884, 


592,380 
745,591 
728,746 
698,852 
627,170 
745,813 


An  average  of  the  six  analyses  and  heat-units  would  be  as  follows ; 


{X.) 

(2/.) 

(J.) 

Marsh  gas,  . 

67.00 

48.0256 

627,358 

Hydrogen,  . 

22.00 

1.9712 

67,929 

Elhylic  hydride, 

5.00 

6.7200 

77,679 

Olefiant  gas, 

1.00 

1.2534 

14,910 

Oxygen, 

,80 

1.1468 



Carbonic  oxide,  . 

.60 

0.7526 

1,808 

Carbonic  acid, 

.60 

1.2257 

Nitrogen,    . 

3.00 
(1000  grs.  =) 

3.7632 

(3.761  cub.  ft.)  = 

64.8585 

789,694 

in  which  (x)  shows  percentages  in  100  liters;  (y)  weights  in 
grammes;  (z)  heat-units.  Consequently  1000  cubic  feet  (=  265,887 
grains  =  38  pounds)  contain  210,069,604  heat-units.  But  38 
pounds  carbon  contains  139,398,896  heat-units.  Therefore  57|- 
pounds  carbon  =  1000  cubic  feet  gas.  In  like  manner  63  pounds 
coke  (90  per  cent,  carbon)  =  1000  cubic  feet  gas.  Therefore  when 
coke  is  worth  $2.50  per  net  ton  the  fuel-value  of  gas  is  8  cents  per 
1000  cubic  feet.  By  similar  reasoning  on  the  use  of  the  better 
qualities  of  Pittsburgh  coal  (54|  pounds  =  1000  cubic  feet  gas), 
when  the  coal  is  at  $1.25  per  net  ton  the  fuel-value  of  the  gas  is  3^ 
cents  per  1000  cubic  feet.* 

If  the  theoretical  value  of  1000  cubic  feet  gas  equals  that  of  54.4 
lb.  bituminous  coal-  (or  41,000  cubic  feet  gas  =  2240  lbs.  coal),  it 
will  be  quite  safe  to  adopt  a  practical  equivalence  of  30,000  cubic 
feet  gas  to  1  ton  coal. 

The  difference  in  two  volumetric  analyses  of  Grapeville  dry  gas, 
made  by  Mr.  Morrell,  tlie  chemist  of  the  Cambria  Iron  Company, 
in  February,  1886,  is  very  striking  : 


obtained  and  its  volume  or  weiglit  directly  measuredi  Its  percentage  is  a  calcula- 
tion, and  may  be  a  deception.  There  is  no  conclusive  proof  that  hydrogen  exists 
free  in  the  well-gas.  And  it  is  a  very  significant  fact  that  wlien  the  percentages  of 
marsh-gas,  liydrogen,  and  etliylic  Jiydride  are  added  togetlier  and  recalculated,  the 
variability  of  tlie  series  of  analyses,  in  respect  of  its  fuel  value,  disappears. 
*  Ford's  report  to  the  Edgar  Thomson  Steel  Works,  quoted  by  A.  Carnegie. 
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Grnpevillo  pns. 


Marsh  gas, 
fitlivl-liydrido, 
Nitrogen, 
Ilyilnigen, 
Oleliant  gas,    . 
Oxygen, 
Carbonic  acid. 
Carbonic  oxide, 

Heat-units  in  100  litres. 


Feb.  C. 

Fob.  13. 

35.08 

14.93 

28.87 

39.64 

27.87 

18.69 

7.05 

24.56 

0.17 

0.96 

0.16 

1.22 

0.58 

trace. 

0.22 

trace. 

r69,766        832,604 


Comparing  with   this   the  gas  of  the  Siemens   producer  at  the 
Cambria  Iron  Works,  the  difference  in  heat  value  is  important: 

Nitrogen, 56.00 

Hydrogen, 12.00 

Carbonic  acid, 4.00 

Carbonic  oxide, 28.00 


Heat-units  in  100  litres. 


121,252 


An  analysis  of  the  Grapeville  ga.s,  from  a  well  half  a  mile  north 
of  Grapeville,  in  Westmoreland  county,  the  well  being  2099  feet  to 
top  of  sand,  and  1102  feet  deep,  gave: 

Percentage  Heat-units 

by  volume.  (100  litres). 

Marsh  gas,  CH^ 35.08  297.549 

Ethyl-hydride,  C.,He 28.87  447.171 

Nitrogen, 27.87  000.000 

Hydrogen, 7.05  21.806 

Olefiant  gas,  CjH^ 0.17  2.520 

Oxygen, 0.16  0.000 

Carbonic  acid, 0.58  0.000 

Carbonic  oxide, 0.22  .660 


100.00 


769.766 


PITT.SBUEGH  NATURAL  GAS-WELLS  AND  SUPPLY  COMPANIES.* 

Natural  Gas  Wells  Supplying  Pittsburgh. 

There  are  at  present  six  companies  piping  gas  to  Pittsburgh,  viz. : 
the  Philadelphia,  the  Chartiers,  the  Manufacturers',  the  Pennsyl- 
vania, the  Washington  and  the  People's.  The.se  companies  had  at  a 
recent  date,  which  may  be  placed  at  the  first  of  November,  though 
the  reports  are  of  dates  varying  a  few  days  one  way  or  the  other 
from  that  date,  107  wells,  distributed  as  follows : 


*  American  Manufacturer  and  Iron  World,  Nov.  12,  1886. 
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Company. 

Murrysville. 

Tarentuin. 

Hickory. 

Canonsburg. 

Total. 

Philadelphia 

48 
7 

3 

10 

i 

"5 

i'6 

7 

58 

23 

10 

8 

5 

3 

Chartiers 

Manufacturers' 

Pennsylvania 

Washington , 

People's 

In  addition  to  the  above  the  Philadelphia  Company  have  in  the 
sand,  ready  to  bring  in  the  first  of  December,  6  welLs  in  the  Murrys- 
ville district  and  1  well  in  the  Tarentum  district. 

In  drilling  the  above  wells  10  dry  holes  have  been  struck,  viz. : 
1  in  Murrysville  district  by  the  Philadelphia  Company,  6  in  the 
Hickory  district  by  the  Chartiers  Company,  1  in  the  Tarentum  by 
the  Pennsylvania  Company,  and  2  in  the  Hickory  by  the  Washing- 
ton Company,  making  a  total  of  8  in  the  Hickory  district  and  1 
each  in  the  Tarentum  and  Murrysville  districts.  This  is  about  1 
dry  hole  to  every  10.7  producing  wells. 

As  is  stated  in  our  article  on  the  Philadelphia  Gas  Company's 
Lines,  there  is  a  pressure  that  is  normal  to  all  of  the  wells  in  the 
several  districts,  but,  contrary  to  the  general  belief,  all  wells  of  the 
same  size  and  of  the  same  pressure  are  not  equal  producers  of  gas. 
The  production  of  the  wells  in  the  Murrysville  district  may  be  taken 
to  be  practically  the  same,  and  this  rate  of  production  may  be  as- 
sumed to  be  1.  Compared  with  this  unit,  the  production  in  the 
Hickory  district  at  some  wells  is  but  -^\  and  varies  to  1.  That  is, 
some  of  the  Hickory  wells  produce  as  much  gas  as  the  Murrysville; 
others  in  this  district  but  one-tenth  as  much.  The  Canonsburg 
wells  vary  from  j'o  to  1  in  producing  power,  while  the  Tarentum 
wells  do  not  exceed  yV-  The  reason  of  this  difference  in  the  pro- 
ducing power  of  the  wells  in  the  same  district  and  in  different  dis- 
tricts, though  the  pressure  may  be  the  same,  is  ascribed  to  the  fact 
that  the  sand,  which  is  the  gas  reservoir  and  from  which  it  is  drawn, 
differs  in  porosity,  and  possibly  in  the  amount  of  crevasses  or  broken 
strata,  the  coarser  sand  and  that  with  the  greater  number  of  crevasses 
being  the  greatest  producer,  while  the  finer  sand  that  has  been  but 
little  broken  is  a  small  producer  of  gas. 

From  information  furnished  us,  reducing  the  producing  power  of 
the  107  wells  in  the  several  districts  are  equal  in  producing  power 
to  82  /y  Murrysville  wells. 
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The  Mileage  and  Sizes  of  Natural  Gas  Pipes  in  Pittsburgh. 

As  is  elsewhere  stated,  the  total  mileage  of  pipes  laid  for  supply- 
ing the  city  of  Pittsburgh  with  natural  gas  is  something  remarkable 
— exceeding  500  miles  of  pipe  of  various  sizes.  Of  these  232,\  miles 
are  laid  within  the  city  of  Pittsburgh.  AVe  give  a  statement  below, 
showing  the  number  of  feet  of  each  size  laid  by  each  company  within 
the  city  together  with  the  total  number  of  feet  of  each  size  laid  by 
all  the  companies. 

Prior  to  making  this  statement,  however,  it  may  be  interesting 
to  say  that  the  total  area  of  the  pipes  leading  from  the  wells,  at  the 
wells  is  1,340,608  square  inches.  The  total  area  of  pipe  at  the  city 
line  is  2,337,083  square  inches.  In  the  following  table  will  be 
found  the  number  of  feet  of  pipe  of  each  size  laid  by  each  of  the 
companies  within  the  city  limits  : 

Tctal  Xuiuber  of  Feet  of  each  Size  of  Pipe  Laid  in  the  City 
of  Pittsburgh  by  each  Natural  Gas  Company. 


Company. 

Feet  of  pipe. 

Size,  inches. 

Total  feet. 

(- 

11,389 

30 

65,899 

24 

43,377 

20 

3,500 

16 

17,306 

12 

10,533 

10 

Philadelphia - 

308,150 

8 

211,855 

6 

152,989 

5f 

4,091 

4i 

130,684 

4 

10,230 

3 

971,203 

r 

32,985 

20 

15,356 

16 

Chartiers ■ 

3,035 
12,800 

12 

8 

52,800 

6 

^ 

116,976 

47,425 

8 

People's - 

17,365 
2,490 

6 

4 

67,280 

7,900 

16 

8,080 

10 

1,405 

8 

Pennsylvania 

11,125 
5,680 

6 

4 

385 

3 

^ 

34,575 

i         22,750 

12 

Manufacturers' • 

3,780 

8 

26,530 

5,150 

6 

Washington 

5,150 

8 

10,300 

1,226,864 
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Total  Number'  of  Feet  of  Natural  Gas  Pipe  of  each  Size  Laid  in  the 
City  of  Pittsburgh. 


Size  of  pipe,  inches. 

Feet  of  pipe  laid. 

Size  of  pipe,  inches. 

Feet  of  pipe  laid. 

30 

11,589 
66,899 
76,362 
26,756 
43,091 
18,613 

8 

6 

5f 

4^ 

4 

3 

878,710 
298,295 
152,989 
4,091 
138,854 
10,615 

24 

20 

]6 

12 

10 

For  the  purpose  of  comparison,  we  have  taken  pains  to  coropute 
the  length  of  pipes  simply,  without  regard  to  their  area,  owned  by 
the  several  gas  companies  in  the  city,  which  we  find  to  amount  in 
all  to  232  miles,  of  which  184  miles,  or  something  more  than  three- 
fourths,  are  owned  by  the  Philadelphia  Company.  This  by  no 
means  represents  the  great  preponderance  of  that  company  in  power 
of  distribution,  because  no  other  company  has  any  pipe  exceeding 
twenty  inches  in  diameter,  of  which  one  company  has  about  six  miles. 
The  Philadelphia  Company  has  twenty-four  miles  of  mains  of  twenty 
inches  diameter  and  upwards,  within  the  city  limits. 

The  Philadel])hia  Company  and  its  Gas  Lines. 

The  mileage  of  pipe  at  present  in  use  in  conveying  natural  gas 
from  the  wells  to  Pittsburgh  and  in  distributing  it  to  consumers 
reaches  an  aggregate  that  is  simply  astonishing,  especially  when  it 
is  remembered  that  it  is  but  a  little  more  than  three  years  since  the 
first  line  was  laid  from  Murrysville  to  this  city.  Though  no  state- 
ment has  been  obtained  as  to  the  total  mileage  of  pipe  laid  to  and 
in  Pittsburgh  ft  is  safe  to  estimate  it  at  500  miles  of  all  sizes,  enough, 
were  it  laid  in  one  continuous  line,  to  reach  from  Pittsburgh  to 
Chicago,  and  50  miles  beyond.  Some  of  this  pipe  is  30"  in  diameter; 
over  12  miles  of  that  laid  in  Pittsburgh  24",  a  large  amount  20", 
and  so  down  to  3".  But  one  company,  the  Philadelphia,  has  24" 
and  30"  pipe  and  but  one  other  company  20".  The  Philadelphia 
Company  has  24  miles  of  mains  of  20"  diameter  and  upwards  laid 
in  the  city  of  Pittsburgh  alone. 

In  the  accompanying  map  is  shown  the  system  of  pipe-lines  of 
the  Philadelphia  Com|)any  from  the  wells  to  Pittsburgh.  The  scale 
of  the  map  is  too  small  to  enable  us  to  show  the  distributing-system 
in  the  city  itself. 
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At  present  this  company  draws  its  supplies  of  gas  from  the  Taren- 
tuni  and  Mnrrysville  fields,  the  "  I^yon's  Run "  field  being  in- 
cluded in  the  latter,  to  which  it  is  so  nearly  adjacent. 

It  will  be  seen  from  the  map  that  one  line  only  leaves  Tarentura, 
where  the  pressure  in  the  wells  is  much  less  than  at  Mnrrysville, 
and  quickly  begins  to  dispense  the  products  of  that  field  in  the 
village  of  Tarentum,  at  Springdale,  at  Hulton  and  Verona,  the  sur- 
plus remaining  in  the  pipes  being  passed  on  from  Hoboken  to  Etna 
and  Allegheny.  From  Hoboken  a  twenty-inch  line,  which  draws 
its  supplies  from  Tarentum  and  from  the  Mnrrysville  gas  field,  by 
the  crossing  at  Sandy  Creek,  continues  through  Etna  to  Willow 
Grove,  where  it  discharges  into  the  twenty-inch  main  of  the  Alle- 
gheny Heating  Company  from  which  point  many  large  mills  and 
several  thousands  of  houses  are  supplied  with  fuel. 

Starting  now  from  the  Mnrrysville  field,  the  wells  are  so  connected 
together  by  a  system  of  pipes  that  the  products  of  most  of  them  may 
be  discharged  into  any  one  of  the  eight  lines  which  originate  at  that 
point,  so  that,  however  great  the  demand  upon  any  line  or  system  of 
lines,  it  can  be  reinforced  up  to  any  point,  or  any  one  of  the  lines, 
or  even  several  of  them,  may  be  dispensed  with  for  repairs,  if  neces- 
sary. 

From  Verner  to  Niblock  it  will  be  observed  that  there  are  only 
three  lines,  which  are  increased  by  the  addition  of  a  sixteen-inch  line 
at  the  latter  point,  which  continues  on  to  Telford  with  the  others. 
While  the  other  three  go  to  Sandy  Creek,  the  sixteen-inch  line 
crosses  the  country  to  Gilmore,  to  unite  with  other  three  lines  from 
Mnrrysville  for  a  central  entrance  into  the  city.  This  sixteen-inch 
line  is  now  being  continued  from  Niblock  to  Mnrrysville.  From 
Murrysville  two  five  and  five-eigh'hs  lines  will  be  seen,  which  reach 
the  city  at  Forward  avenue,  and  thence  discharge  into  the  twenty- 
inch  main  on  Second  avenue. 

From  Lyon's  Run  there  are  three  eight-inch  lines,  plainly  indi- 
cated on  the  map,  one  of  which  supplies  Braddock  and  Homestead, 
the  other  two  crossing  the  river  at  Kenney,  sending  off  a  branch  to 
McKeesport,  and,  continuing  on  through  Hays,  enters  the  twenty- 
inch  main  of  the  South  Side  at  Thirty-fourth  street. 

Returning  to  the  lines  from  Murrysville,  It  will  be  seen  that  at 
Gilmore  the  sixteen-inch  main  changes  into  a  twenty-four  inch,  and 
when  it  reaches  the  corner  of  Frankstown  and  Fifth  avenues  it  bi- 
furcates and  continues  its  course,  each  of  the  branches  being  of  twenty- 
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four  inches  diameter,  one  extendinji  to  Thirty-sixth  street,  on  the 
Allegheny  Kiver,  and  the  other  to  Keystone,  on  the  Mononguhela. 

Resuming  the  coui-se  of  the  lines  from  Sandy  Creek,  it  will  be 
seen  that  two  branches  run  down  upon  the  south  side  of  the  Alle- 
gheny river,  while  the  other  lines  cross  over  to  Hoboken,  where 
they  connect  with  the  eight-inch  line  and  the  twenty-inch  line  upon 
the  north  side  of  the  river. 

The  lines  on  the  north  side  of  the  river  and  on  the  south  side  are 
all  carried  into  the  twenty-inch  main,  which  originates  at  Haight's 
Run,  and  is  continued  by  a  twenty-four-inch  line  through  the  Thirty- 
sixth  street  Station  and  along  the  Allegheny  River  to  Tenth  street. 
A  thirtv-inch  main,  which  may  be  called  the  backbone  of  the  city 
system,  starts  from  Thirty-sixth  street  Station  and  continues  through 
LilKTtv  avenue  to  Tenth  street,  where  it  intersects  with  the  twenty- 
inch  line  running  across  the  city  and  under  the  Monongahela  to  First 
street  in  Birmingham.  This  is  continued  by  a  twenty-inch  main 
through  Carson  street  to  Temperanceville,  and  by  a  sixteen-inch 
pipe  through  that  borough.  This  briefly  sketches  the  mains  by 
which  the  low-pressure  pipes,  from  which  the  domestic  supply  is 
taken,  are  fed. 

At  each  of  the  stations,  numbering  twenty-one  in  all,  the  connect- 
ing lines  are  governed  by  valves,  through  the  operation  of  which  the 
pressure  may  be  either  increased  or  diminished  at  the  command  of 
the  central  office,  where  the  General  Superintendent  directs  all 
movements;  the  pressures  hourly  requiring  more  or  less  alteration 
acseording  to  the  varying  demands  of  the  several  lines.  On  this 
account,  agents  are  kept  on  duty  at  each  station  both  night  and  day, 
and  the  pressures  in  the  lines  are  recorded  at  each  station  every 
hour  and  reported  to  the  central  office.  There  is  a  system  of 
telephone  lines,  most  of  which  are  the  property  of  the  Philadel- 
phia Company,  connecting  all  the  stations.  The  map  is  on  too  small 
a  scale  to  indicate  the  low-pressure  lines  in  the  city,  which  amount 
to  about  one  hundred  miles  in  length,  and  are  generally  laid  on  both 
sides  of  the  street. 

It  is  a  fact  well  known  to  gas-engineers  that  the  greatest  difficulty 
in  carrying  air  or  gas  in  pipes  arises  from  leakage,  M'hich,  in  the 
case  of  gas,  is  highly  dangerous  unless  carefully  provided  for.  It 
has  been  found  with  illuminating  gas  to  be  imprudent  to  carry  more 
than  two  or  three  ounces  of  pressure,  the  leakage  amounting  even  at 
that  pressure  to  from  fifteen  to  thirty  per  cent,  of  the  whole  amount 
distributed.     An  appreciation  of  this  fact  has  led  the  Philadelphia 
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Company  to  adopt  the  policy  of  carrying  the  least  possible  pressure 
in  the  city,  in  order  not  only  to  save  the  loss  from  leakage,  but  also 
to  avoid  endangering  life  and  property.  Accordingly,  the  pressure 
within  the  city  nowhere  exceeds  about  thirteen  pounds,  diminishing 
in  the  larger  lines  to  from  six  to  eight  pounds  per  square  inch ;  in 
the  low  pressure  lines,  the  pressure  is  reduced  to  about  four  or  five 
ounces.  In  addition  to  this  precaution,  the  supply  is  introduced 
into  mills  and  houses  through  regulators,  which  maintain  the  pres- 
sure at  what  may  be  determined  upon,  and  which  close  of  themselves 
if  the  supply  is  cut  oflF;  not  opening  again  so  long  as  any  valve 
remains  open  beyond  the  regulator. 

The  property  adjacent  to  the  lines  within  the  city  is  protected 
against  danger  from  the  inevitable  leakage  by  ingenious  devices 
which  surround  the  joints  of  the  pipes  and  carry  away  the  leaking 
gas  to  lamp-posts  in  the  sidewalks. 

The  Philadelphia  Comjmny  is  now  supplying  four  hundred  and 
seventy  industrial  establishments  with  fuel — in  which  number  are 
included  all  sorts  of  manufactories — and  in  addition  thereto  about 
five  thousand  dwellings  within  the  city  proper,  not  counting  dwell- 
ings or  industrial  establishments  in  the  large  number  of  villages 
which  are  supplied,  and  those  of  the  city  of  Allegheny,  for  which 
the  gas  is  furnished  by  the  Philadelphia  Company. 

The  Philadelphia  Company  is  the  largest  supplier  of  natural  gas 
in  the  world.  In  number  of  consumers  and  in  the  amount  of  gas 
furnished,  as  well  as  in  the  length  of  pipe  laid,  it  exceeds  all  the 
other  gas  companies  of  Pittsburgh  put  together.  It  was  organized 
with  the  intention  of  conducting  its  operations  upon  the  most  ex- 
tensive scale,  aiming  at  supplying  the  entire  city  of  Pittsburgh  and  its 
suburbs  with  this  fuel.  This  company  now  has  a  capital  of  seven  and 
a  half  millions  of  dollars,  the  whole  of  this  large  sum  and  about  a 
million  besides,  taken  from  its  earnings,  being  invested  in  its  plant. 

It  owns  the  natural-gas  supply  from  about  54,000  acres  of  land, 
advantageously  placed  on  all  the  anticlinals  around  Pittsburgh  ;  but, 
at  present,  draws  its  su])plies  only  from  Tarentum  and  the  Murrys- 
ville  field,  in  which  we  include  "  Lyon's  Pun,"  because  it  is  so  nearly 
adjacent  to  Murrysville. 

At  Tarentum  the  company  has  ten  producing  wells  and  one  now 
being  drilled.  At  Murrysville  and  Lyon's  Run  it  has  forty-eight 
producing  wells,  with  six  now  drilling,  to  be  completed  before  the 
first  of  December. 

At  the  present  time  the  product  of  only  thirty-three  of  these  wells 
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is  required,  in  order  to  supply  the  customers  of  the  Pliiladcliihia 
Company,  leaving  thirty-one  wells  in  reserve  for  emergencies  and 
further  demands. 

Upon  the  completion  of  the  lines  now  under  construction,  which 
will  be  finished  this  month,  it  is  expected  that  the  product  of  all 
these  wells  can  be  brought  to  the  city,  the  distribiiting  capacity  of 
the  pijv?s  in  the  city  being  ample  for  this  purpose  if  there  should  be 
a  sufficient  demand  for  the  gas. 

During  the  past  summer  the  company  has  devised  means  by  which 
it  has  successfully  shut  up  more  than  one-half  of  its  wells,  so  that 
it  is  no  lonrjer  allowing  anv  gas  to  be  discharged  uselessly  into  the 
0{>en  air,  but  is  able  to  retain  it  in  the  natural  reservoir  until  needed. 

At  the  wells  the  average  pressure,  when  shut  in,  is  about  500 
pounds  per  square  inch,  but  in  the  new  wells  it  is  very  much  greater 
than  this,  often  rising  to  an  immeasurable  pressure  for  a  few  weeks, 
when  the  wells  subside  to  about  the  average  of  the  others  in  the 
territory. 

This  is  one  of  the  interesting  facts  in  connection  with  gas  wells, 
viz. :  that,  though  wells  may  show  great  differences  in  pressure  when 
first  struck,  all  of  the  wells  in  the  same  field  show  in  a  very  short 
time  nearly  the  same  pressure.  It  is  not  true,  however,  that  this 
pressure,  which  may  be  termed  the  normal  pressure,  is  the  same  in 
all  districts.  Taking  the  normal  pressure  at  Murrysville  as  1,  as  a 
rule  the  Tarentum  pressure  and  value  would  be  y^ ;  Hickory  varies 
from  ^jj  to  1 ;  Canonsburg,  j\  to  1. 

Discussion. 

H.  C.  Freeman,  Alto  Pass,  Illinois:  Reference  has  been  made 
to  the  Trenton  limestone  as  producing  gas.  I  can  refer  to  localities 
in  Illinois  where  this  is  the  case.  In  La  Salle  county,  about  seven 
miles  southeast  of  the  city  of  La  Salle,  the  Trenton  limestone  is  ex- 
posed, forming  the  bed  of  the  Big  Vermilion  river.  A  fissure  ex- 
tending across  the  river  shows  a  small  amount  of  petroleum  rising, 
accompanied  with  gas.  This  bed  of  limestone  is  on  an  anticlinal 
axis  which  extends  from  the  vicinity  of  St.  Paul,  Minnesota,  to 
Southern  Tennessee,  and  is  very  sharply  defined  in  Northern  Illi- 
nois, its  culmination  of  geological  elevation  being  two  miles  east  of 
the  city  of  La  Salle,  where  the  horizon  of  the  upper  magnesian 
limestones  of  the  Potsdam  period  comes  to  the  surface.  The  course 
of  this  axis  is  S.  33°  E.,  and  it  can  be  traced  by  surface  exhibits  a.s 
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far  south  as  the  vicinity  of  Pontiac,  Livingston  county.  North- 
ward, it  may  be  seen  near  Grand  Detour,  where  it  crosses  Rock 
river. 

Going  southward  from  the  Illinois  river,  the  Trenton  limestone 
comes  in,  covering  the  axis  and  the  Coal-Measures  resting  uncon- 
formably  upon  it.  A  few  miles  north  of  the  river  the  Trenton  also 
appears,  first  flanking  and  then  covering  the  axis. 

During  the  last  twenty  years,  borings  for  water  and  coal  have  re- 
vealed an  occasional  gas-well,  and  furnished  the  data  showing  the 
extension  of  this  axis.  The  central  line  of  it  may  be  defined  on  a 
large  map  of  Illinois,  by  drawing  a  line  through  a  ])oint  two  miles 
east  of  La  Salle  and  Urbana,  Champaign  county,  and  prolonging 
it  to  the  Indiana  line.  It  passes  out  of  Illinois  in  Edgar  county, 
passing  near  and  south  of  Paris  in  that  county.  The  outcroppings 
of  the  geological  formations,  as  shown  by  the  Indiana  and  Ken- 
tucky surveys,  indicate  its  course  across  those  States  and  into  Ten- 
nessee, where  its  course  is  still  apparent.  The  Wyandotte  cave  of 
Indiana  and  the  Mammoth  Cave  of  Kentucky  are  in  the  line  of  it; 
and  I  think  they  had  their  genesis  from  this  uplift. 

In  La  Salle  county,  two  periods  of  elevation  are  noticeable,  one 
prior  to  the  Coal  Measures,  and  another  since  their  formation. 

South  of  La  Salle  county,  and  thence  into  and  across  Indiana, 
there  is,  as  above  indicated,  the  central  line  of  an  area  of  territory, 
wherein  gas  may  be  obtained  in  commercial  quantities — in  the 
northern  portion,  from  the  Trenton  limestone,  the  Devonian  shales 
being  absent,  and  in  the  Indiana  area,  probably,  from  both  horizons, 
as  these  shales  come  in  Avith  increasing  thickness  to  the  southward. 

The  earliest  gas-wells  I  have  knowledge  of  in  the  State  were 
bored  a  few  miles  north  of  La  Salle,  as  early  as  1856  or  1857,  to 
determine  the  northern  margin  of  the  coal.  These  furnished  gas 
before  getting  through  the  drift,  the  reservoir  being  a  quicksand 
and  gravel,  capped  by  cemented  gravel,  which  formed  the  retentive 
cover.  Later,  wells  put  down  for  water,  north  of  Mendota,  in  the 
northern  part  of  La  Salle  county,  also  furnished  gas.  In  1867, 
being  in  the  Illinois  Geological  Survey,  and  in  charge  of  this  dis- 
trict, I  investigated  the  phenomena  exhibited  by  tiiese  wells,  and 
traced  the  origin  of  the  gas  to  the  closely  underlying  Trenton  beds.* 

Near  Champaign,  Champaign  county,  some  borings  for  water, 
based  upon  the  success  of  shallow  borings  in  Iroquois  county,  for 


*  See  Geological  Survey  of  Illinois,  vol.  iii.,  1868,  p.  27G,  Trenton  Limestone,  :iiid  p. 
285,  Oas-wells. 
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artesian  wells,  prcxliKHni  gas  in  quantity.  In  one  case,  about  15 
to  20  vears  ago,  it  was  pipe<-l  to  a  rarnihouse  and  used  for  domestic 
purposes,  and,  I  think,  is  in  use  yet.  In  this  case,  also,  the  reser- 
voir was  in  the  drift,  capped  by  a  stratum  of  cemented  gravel,  and 
its  origin  was  evidently  in  the  Trenton. 

My  observations  in  coal-shafts  and  mines,  as  early  as  1867,  in 
Livingston  county,  on  the  central  line  of  this  axis,  showed  disturb- 
ance of  tiie  coal-bed;  and  I  formed  the  opinion  then,  that  the  gas 
often  reported  in  those  mines,  and  not  in  the  same  coal-bed,  miles 
away  and  oft' the  axis,  was  more  likely  to  be  from  the  Trenton,  lying 
close  below,  than  from  the  coal.  The  latter  did  not  seem  to  be  of  a 
character  to  produce  it,  and  had  no  bituminous  shale  covering,  while 
the  disturbance  of  the  coal-bed  would  permit  the  gas,  known  to  be 
]iroduced  from  the  Trenton  below,  to  penetrate  the  coal  to  the  drift 
lying  above  it. 

Similar  conditions  exist  in  the  western  part  of  the  State,  east  of 
St.  Louis,  on  another  axial  line,  but  not  so  sharply  defined  as  the 
one  described  ;  and  borings  may  yet  develop  a  commercial  supply, 
attainable  by  St.  Louis. 

An  instance  of  the  longevity  of  gas-wells  is  furnished  at  Maiden, 
on  the  Great  Kanawha,  West  Virginia.  At  this  point,  six  miles 
above  Charleston,  is  a  salt-well,  which  I  visited  in  1865,  and  which 
furnished  gas  enough  for  half  the  fuel-supply  for  a  large  "  salt- 
block."  It  had  then  been  producing  gas  about  25  years,  and  I  pre- 
sume it  is  blowing  yet.  The  petroleum,  which  was  produced  in  the 
early  life  of  the  well,  had  long  before  given  out.  The  same  well 
Mas  still  furnishing  brine  for  the  "salt-block." 

This  well  I  suppose  to  be  on  the  prolongation  of  the  Little  Kan- 
awha axis,  which  produces  the  West  Virginia  petroleum ;  and  the 
origin  of  the  gas  is  probably  Devonian. 

W.  H.  Dewees,  Philadelphia,  Pa.  (communication  to  the  Secre- 
tary'): To  what  Mr.  Freeman  has  said  of  the  longevity  of  gas-wells, 
as  illustrated  by  the  salt-well  at  Maiden,  which  he  visited  in  1865, 
I  can  add  some  later  information.  For  the  past  seven  years  I  have 
Ijeen  connected,  either  as  manager  or  as  engineer,  with  the  coal- 
mines at  Carkin,  Kanawha  County,  W.  Va.,  a  point  on  the  Kanawha 
River,  1^  miles  from  Maiden,  and  in  the  center  of  the  territory  in 
which,  many  years  ago,  a  number  of  the  salt-wells  yielded  natural 
ga-s  in  sufficient  quantity  to  be  used  as  fuel  for  boiling  the  brine.  I 
have  been  informed  by  the  salt-makers  that  the  flow  of  gas  from  the 
different  wells  was  uncertain  in  quantity  and  variable  in  duration. 
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That  it  came  to  an  end  is  certain.  There  are  now  no  gas-producing 
wells  in  that  neighborhood,  and  there  have  been  none  for  seven 
years  past.  Prior  to  that  time  I  have  no  personal  knowledge  of  the 
region.  I  believe  it  has  never  been  determined  whether  the  cessa- 
tion of  the  gas-flow  was  caused  by  exhaustion  of  the  supply,- or  by 
the  formation  in  the  wells  of  an  incrustation  known  as  "gas-scale." 
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BY  RICHARD   E.    CHISM,    SALTILLO,    COAHUILA. 

(St.  Louis  Meeting-,  October,  1886.) 

Some  years  ago,  when  I  was  seeking  an  illusive  fortune  and 
gaining  a  precarious  existence  in  the  primeval  forests  of  Brazil,  there 
penetrated,  even  to  my  headquarters  in  that  far-off  land,  the  story 
of  a  new-found  mining  district,  where  mountain  peaks  were  ribbed 
with  silver,  and  valleys  teemed  with  virgin  gold. 

Such  were  the  stories  that  caused  hundreds  of  men  to  seek 
their  fortune  in  Sierra  Mojada,  and  to  return  heaping  curses,  loud 
and  deep,  upon  the  vivid  imaginations  that  had  evolved  the  glitter- 
ing fiction.  Nevertheless,  the  rumors  had  some  foundation  of  truth. 
The  ribs  of  silver  exist,  if  not  the  placers  of  gold;  and  a  flourishing 
town,  of  some  three  thousand  people,  with  two  leading  mining  com- 
panies and  several  smaller  ones,  in  operation,  represents  what  was 
permanent  in  the  excitement  of  1879. 

Geographical  Situation. 

The  town  of  Sierra  Mojada  is  situated  in  the  State  of  Coahuila, 
Republic  of  Mexico,  in  latitude  27°  24'  N.,  and  longitude  26°  40' 
W.  of  Washington,  4°  36'  W.  of  the  City  of  Mexico,  and  103°  43' 
W.  of  Greenwich.  It  lies  about  70  miles,  in  an  air-line,  N.  E.  of 
Escalon  station,  on  the  Mexican  Central  Railroad ;  but  by  the  present 
wagon-road,  which  makes  a  long  detour  to  turn  the  mountain  range, 
the  distance  to  the  station  is  about  105  miles.  The  nearest  towns  are 
Huajuquilla,  in  the  State  of  Chihuahua,  about  125  miles  due  west, 
and  Cuatro  Cieuegas,  in  the  State  of  Coahuila,  112  miles  to  the  east- 
ward. Between  these  points  and  the  town  of  Sierra  Mojada,  and  to 
the  north  of  this  town,  the  country  is  an  immense  desert,  entirely 
uncultivated,  almost    uninhabital,  and    very  little    known.     This 


SIERRA   MOJADA,   MEXICO.  543 

desert  is  wholly  destitute  of  water,  except  at  a  few  isolated  points, 
and  stretches  away  to  tiie  south  bank  of  the  Rio  Grande.  About 
120  miles  south  of  Sierra  Mojada  begin  the  fertile  lands  of  the  La- 
ffuna,  one  of  the  richest  agricultural  districts  in  Mexico. 

History. 

There  is  abundant  evidence  that  the  Sierra  Mojada  was  known  to 
those  indefatiirable  explorers,  the  early  Spaniards,  whose  traces  are 
to  be  found  in  the  most  obscure  quarters  of  Mexico,  and  that  they 
had  even  some  notion  of  its  mineral  wealth.  But  it  is  not  clear  that 
they  ever  commenced  mining  in  this  region,  and  if  they  did,  their 
operations  were  on  a  most  limited  scale,  and  were  abandoned  many 
years  ago.  Up  to  within  a  recent  period  (ten  years)  the  possession 
of  these  deserts  remained  undisputed  with  the  roving  savage,  who 
made  them  his  headquarters  for  descents  upon  the  feeble  settlements 
east  and  west.  As  the  settlements  of  Texas  began  to  extend  along  the 
north  bank  of  the  Rio  Grande,  and  the  Mexican  authorities  pursued 
more  relentlessly  their  savage  foes,  the  Indians  became  less  numer- 
ous and  less  dangerous  in  the  neighborhood  of  Sierra  Mojada,  and 
the  daring  feet  of  the  white  men  penetrated  for  the  second  time  into 
their  deserted  holds.  The  contrabandistas,  or  smugglers,  were  quick 
to  note  what  facilities  the  solitudes  afforded  for  their  trade,  and  soon 
found  their  way  along  the  Indian  trails  to  the  interior  settlements. 
Then  came  their  pursuers,  in  the  shape  of  revenue  officers  and 
their  civil  assistants ;  and  it  is  to  one  of  the  latter  that  the  discovery 
of  precious  metals  and  the  present  settlement  of  Sierra  Mojada 
are  due. 

One  of  the  expeditions  after  the  smugglers,  made  in  the  year  1878, 
was  under  the  leadership  of  a  native  of  Mapimi,  a  silversmith  by 
trade,  named  Nestor  Arriola.  This  man  followed  up  several  trails 
he  had  observed,  and,  by  the  help  of  information  received,  he  arrived 
with  his  companions  at  a  point  near  the  present  site  of  Sierra  Mojada. 
Here  the  want  of  water  obliged  the  party  to  leave  the  trail  it  was 
following,  and  the  members  dispersed  in  all  directions,  to  search  for 
the  indispensable  element. 

The  direction  taken  by  Arriola  conducted  him  to  the  plain  below 
the  north  flank  of  the  Sierra  Mojada,  where  his  attention  was  at- 
tracted by  a  low  hill,  called  La  Blanca,  which  forms  a  sort  of  but- 
tress at  right  angles  to  the  main  chain.  The  limestone  at  this  point 
breaks  easily,  with  a  polyhedric  fracture,  across  the  plane  of  stratifi- 
cation, and  is  continually  falling  away  under  meteoric  influences, 
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leaving  fresh  cleav^age  surfaces  of  a  red  and  yellow  color,  very  con- 
spicuous against  tlie  ordinary,  dull  hue  of  the  mountain  slopes.  To 
this  point  Arriola  directed  his  steps,  and  searching  among  the  masses 
oi  debris,  had  the  good  fortune  to  discover  several  specimens  of  lead- 
ore.  These  he  took  to  his  home  at  Mapimi,  and  by  rude  methods 
of  assay,  soon  demonstrated  the  presence  of  considerable  quantities 
of  silver  with  the  lead. 

Arriola,  believing  the  point  where  the  ore  had  been  found  to  be 
the  outcrop  of  a  vein,  immediately  "denounced"  it;  and  the  circu- 
lation of  this  news  caused  a  rush  of  explorers  to  the  spot.  Fabulous 
reports  concerning  the  new  discoveries  were  soon  heard  all  over 
Mexico  and  the  United  States  ;  and  within  a  very  short  time  hun- 
dreds of  adventurers  were  heading  for  the  Sierra  Mojada. 

The  denouncement  and  taking-up  of  the  newly  discovered  mines 
soon  raised  questions  of  jurisdiction.  As  no  surveys  of  that  part 
of  the  country  had  ever  been  made,  it  was  claimed  by  three  States, 
Durango,  Coahuila,  and  Chihuahua.  Pending  the  settlement  of 
these  claims,  the  disputed  region  was  organized  into  a  Federal 
Territory  by  the  General  Government  of  Mexico,  and  the  direction 
of  public  affairs  was  given  into  the  hands  of  a  military  commandant, 
who  had  a  small  body  of  troops  to  maintain  order.  Before  long, 
however,  the  sovereignty  of  tlie  State  of  Coahuila  was  recognized; 
and  the  Federal  forces  turned  over  the  district  to  the  authorities 
nominated  by  the  State. 

The  population  of  Sierra  Mojada  fluctuates  according  to  the  abun- 
dance or  scarcity  of  water,  averaging,  perhaps,  three  thousand  people. 
Thirty-two  mines  are  known  to  exist  in  the  municipality,  though 
only  a  few  of  them  are  in  active  operation,  and  but  two  or  three  are 
exploited  on  a  large  scale.  About  $200,000  of  capital  is  invested 
in  mercantile  enterprises  of  various  kinds,  principally  in  dry  goods 
and  groceries. 

The  immediate  center  of  the  town  is  built  of  stone  and  adobe,  in 
the  usual  one-story  Mexican  style,  and  the  rest  is  composed  of  huts 
made  of  branches,  with  thatched  roofs,  tents,  sheds,  and  caves. 

Topography. 

The  general  conformation  of  the  mineral  district  of  Sierra  Mojada 
is  very  simple.  A  narrow  pass  from  the  eastward,  called  Pucria  de 
Oro  (Golden  Gate),  enters  a  valley,  formed  by  the  Sierra  Planchada 
on  the  north,  and  the  Sierra  Mojada  on  the  south.  (See  Fig.  1.) 
This  valley  extends  nearly  due  west,  with  an  average  width  of  four 
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kilometers  (2 J  miles),  for  about  20  kilometers  (12|  miles),  from  the 
pass.  At  this  distance  is  located  the  town  of  Sierra  Mojada,  just 
where  the  valley  is  almost  cut  off  by  cross-hills  that  extend  north- 
ward from  the  Sierra  Mojada,  towards  the  Sierra  Planchada.  West- 
ward of  these  cross-hills,  the  valley  continues,  with  nearly  the  same 
coui-se,  but  diminished  width, for  about  IG  kilometers  (10  miles) and 
terminates  in  a  cul  de  sac. 

The  bottom  of  the  valley  at  the  town  is  1485  meters  above  sea- 
level,  as  observed  by  me  with  a  small  aneroid  made  by  Negretti  & 
2^imbra,  of  London.  The  mountain  peaks,  which  are  highest  over 
the  point  where  most  of  the  mines  are  located,  attain  an  altitude  of 
about  600  meters  above  the  bottom  of  the  valley. 

The  general  aspect  of  the  mountains  forming  the  Sierra  Mojada 
proper,  is  very  striking.  "We  have,  along  the  summit,  a  boldly  scarped 
precipice,  of  a  general  dull  gray  color,  alternating  with  white  or 
light-colored  patches  and  streaks,  where  fresh  surfaces  have  been 
exposed  by  late  falls  of  rock,  and  with  many  reddish  stains  from 
oxide  of  iron.  The  face  of  the  precipice  exhibits  many  prismatic 
columnar  forms,  due  to  the  cleavage  of  the  rocks  along  planes  per- 
pendicular, or  nearly  so,  to  the  planes  of  stratification,  a  striking 
peculiarity  in  the  limestone  rock  of  this  region,  undoubtedly  caused 
by  metamorphism.  The  precipice  occupies  probably  one-third  of  the 
total  height  of  the  mountains,  and  is  therefore  about  200  meters 
high. 

Below  the  precipice  we  have  the  foot-hills,  rounded  by  torrents 
into  a  series  of  deep  alcoves  and  projecting  buttresses,  and  covered 
with  a  sparse  and  stunted  vegetation,  which  shows  in  its  distribu- 
tion the  approximately  parallel  lines  of  the  outcrop  of  the  stratified 
rocks.  These  hills  slope  gradually  away  into  the  central  plain,  a 
basin-like  formation,  where  the  outcrop  of  the  stratified  rocks  is 
covered  by  many  feet  of  alluvion  and  the  forming  rocks  of  the 
present  epoch. 

East  and  west  of  the  highest  portion  of  the  range,  which  is  only 
four  or  five  kilometers  long,  the  mountains  are  much  lower  and  the 
rounded  hills  extend  up  to  the  very  top,  the  precipice  having  dis- 
appeared. 

The  Sierra  Planchada  exhibits  the  same  characteristics  as  the 
Sierra  Mojada  in  the  part  last  described,  so  that  the  two  facing 
mountain  chains  are,  generally  speaking,  counterparts  of  each  other 
— with  one  important  exception,  to  be  alluded  to  hereafter, 
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LiTHOLOGY    AND    HISTORIC   GeOLOGY. 

The  prevailing  rock-formation  of  Sierra  Mojada  can  be  observed 
all  over  the  eastern  part  of  Northern  Mexico — mainly  a  magnesian 
limestone  of  considerable  thickness  (about  700  meters)  including 
some  beds  of  calcareous  sandstone,  and  one  horizon  (near  or  at  the 
bottom  of  the  series)  of  calcareous  conglomerate.  Since  this  rock 
has  been  partially  metamorphosed,  to  the  almost  entire  destruction 
of  fossils,  its  exact  geologic  age  must  be  to  some  extent  a  matter  of 
speculation,  until  a  systematic  exploration  and  geological  survey  is 
made  of  this  part  of  Mexico. 

What  few  fossils  have  been  found  here  have  been  classified  as 
Cretaceous  by  Mexican  paleontologists,  who  have  therefore  assigned 
this  formation  to  that  period.  Although  I  am  not  prepared  to 
accept  this  view  entirely,  since  in  my  judgment  the  fossils  found 
were  neither  in  a  state  nor  of  a  nature  to  permit  exact  determination 
of  age,  yet  I  must  admit  that  there  are  many  points  in  its  favor  and 
it  may  be  correct. 

The  color  of  the  Sierra  Mojada  limestone  varies  from  yellowish- 
to  bluish-gray;  its  structure  is  in  some  places  eminently  columnar, 
in  other  places  imperfectly  shaly,  and  in  still  other  parts  quite  mas- 
sive, with  the  impartial  conchoidal  fracture  characteristic  of  non- 
cleavage.  Some  specimens  have  the  strong  sulphurous  odor  of  fetid 
limestone  :  others  are  entirely  destitute  of  the  smell,  although  the  eye 
fails  to  detect  any  characteristic  differences  between  these  two  classes. 
In  numerous  parts  of  the  district,  the  limestone  is  strongly  colored 
and  impregnated  with  oxide  of  iron,  which  gives  it  the  aspect  of  a 
true  veinfilling,  so  that  isolated  strata  have  been  mistaken  in  several 
instances  for  iron-capped  veins,  and  worked  as  such.  It  is  needless 
to  say  that  these  impregnations  carry  no  silver  whatever,  and  have 
afforded  no  encouraging  indications  to  the  miner  beyond  those  of 
their  color  and  position. 

Of  eruptive  rocks,  numerous  fragments  have  been  found  in  the 
creek-bottoms,  to  which  they  have  drifted  from  the  summits  and 
slopes  of  the  mountains,  where  there  are  large  masses  (though  no 
continuous  strata  or  veins)  of  yellowish  pyroxenic  rock,  showing 
many  well-defined  crystalline  faces.  In  the  conglomerate  of  the 
valley-bottoms,  already  alluded  to,  are  found  many  fragments  of 
granite  and  porphyry;  but  the  main  material  is  limestone. 

At  several  points,  the  working  of  the  mines  has  uncovered  more 
or  less  extensive  beds  of  jasper,  not  however  of  sufficient  magnitude 
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to  be  called  members  of  the  formation-series :  tliey  are  simply  parts 
of  the  ore-deposit,  accessory  minerals,  like  others  to  be  described 
hereafter. 

Dynamic  Geology — Origin  of  Structure. 

The  strike  of  the  stratified  rocks  of  the  district  under  consideration 
is  between  east  and  west  and  southeast  and  northwest.  In  the 
Sierra  Mojada  the  strata  have  a  dip  of  about  35°  to  southward,  in 
the  Sierra  Planchada  the  dip  is  from  25°  to  30°  to  northward. 
(See  Fig.  1.)  It  is  evident  that  the  valley  of  Sierra  Mojada  has 
been  made  by  erosion  of  the  fold  of  an  anticlinal  the  main  axis  of 
which  is  approximately  S.E.  and  N.W.  The  fold  probably  reached 
its  highest  point  at  or  about  the  present  highest  part  of  the  Sierra 
Mojada  niountaiu  and  thence  declined  to  E.S.E,  and  N.W.,  until 
it  faded  away  at  points  not  far  from  the  extremities  of  the  present 
valley.  Other  great  flexures  of  the  same  kind,  formed  at  the  same 
time,  are  found  on  each  side  of,  and  parallel  to  this  one,  and  others 
still  in  the  prolongation  of  its  axis,  forming  as  a  whole  a  cordillera 
of  which  the  Sierra  Mojada  is  a  small  part. 

The  partial  metamorphism  of  which  I  have  already  spoken  points 
to  the  probability  of  a  general  denudation  of  vast  extent  over  all  the 
region  covered  by  this  formation. 

At  the  time  when  these  folds  were  made,  the  remaining  portions 
of  which  comprise  the  Sierra  Mojada  and  its  continuations,  the  rocks 
now  upon  the  surface  were  deeply  buried  below  hundreds  of  feet  of 
other  strata;  and  the  heat  generated  by  the  friction  of  these  displace- 
ments and  foldings  was  sufficient  to  partially  metamorphose  the 
limestone  rocks  and  to  consolidate  them  into  their  present  condition. 
After  the  era  of  displacement  came  that  of  denudation  in  which  the 
upper  strata  were  swept  away,  leaving  exposed  the  present  rocks. 

It  does  not  seem  necessary  to  resort  for  the  explanation  of  the  for- 
mation of  this  range  to  any  hypothesis  of  violent  upheaval  and 
eruption.  The  form  of  the  flexures,  their  common  trend  and 
general  relationship  to  each  other,  plainly  indicate  that  they  were 
slowly  and  gradually  made  by  the  action  of  a  lateral  shoving 
force,  acting,  it  may  be,  throughout  a  long  series  of  ages.  This 
general  movement  may  have  been  accompanied  or  followed  by  an 
igneous  eruption  which  forced  to  the  surface  the  pyroxenic  rock 
referred  to;  its  original  outcrop  may  have  been  at  a  great  distance 
from  the  present  site  of  many  of  its  fragments ;  and  the  eruptive 
dyke  which  it  formed  may  afterwards  have  been  swept  away,  and  its 
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trafrments  strewed  along  tlie  pathway  of  denudation.  It  does  not  seera 
possible  that  this  igneous  eruption  could  have  had  anything  what- 
ever to  do  with  the  upheaval  of  the  mountains  or  with  the  formation, 
ct:)ntents  and  continuity  of  the  ore-deposits,  the  opinions  of  several  of 
my  Mexican  colleagues  to  the  contrary  notwithstanding. 

Ore-Deposits. 

The  ore-deposits  of  Sierra  Mojada  are  of  a  kind  not  often  encoun- 
tered in  Mexico.  Being  very  different  from  the  usual  well-defined 
fissure-veins  to  which  Mexican  mining  experts  and  geologists  are 
accustomed,  they  occasioned,  at  the  time  of  their  discovery,  consid- 
erable difference  of  opinion  as  to  the  future  value  of  the  district ;  and 
a  staggering  blow  was  given  to  several  rising  reputations  among  those 
whose  doleful  predictions  were  abundantly  unfulfilled  by  subsequent 
developments. 

One-third  of  the  way  up  the  foot-hills  of  the  Sierra  Mojada,  are 
several  bodies  of  altered  and  decomposed  limestone,  impregnated  with 
ferruginous  materials,  and  containing  lead-  and  silver-bearing  min- 
erals disseminated  in  great  quantities  through  their  mass,  or  collected 
together  in  chambers  or  chimneys,  as  segregations  from  the  impreg- 
nated deposit.  These  deposits  extend,  at  about  the  same  altitude,  all 
along  the  north  flank  of  the  Sierra  Mojada,  for  a  distance  of  several 
kilometers,  everywhere  more  or  less  metalliferous,  and  everywhere 
presenting  the  same  dominant  characteristics  of  composition,  with 
some  variations  in  strike  and  dip.  The  bodies  of  mineral  are  much 
softer  and  more  friable  than  the  enclosing  rocks,  and  have  been  eaten 
away  more  by  the  wenther.  The  country-rock  has  thus  often  been 
left  projecting  above  and  below,  that  below  having  been  deeply  iron- 
stained  in  many  places.  Hence  the  ore-deposits  present  distinct  out- 
crop throughout  their  length.  The  thickness  ofthe  ore-bearing  strata 
varies  from  about  one  foot,  in  some  places,  to  18  to  20  feet  in  many 
others;  but  they  are  everywhere  unmistakably  different  from  a  fissure- 
vein,  or  a  formation-rock.  In  my  statement,  some  pages  back,  that 
the  Sierra  Planchada  is  the  counterpart,  in  stratification,  of  the  Sierra 
Mojada,  I  mentioned  one  important  exception.  This  is  the  ore-bed, 
which  is  not  at  all  visible  on  the  Sierra  Planchada,  where  none  but 
superficial  traces  of  mineral  have,  up  to  date,  been  found.  This  in- 
teresting fact  indicates  that  the  ore-deposits  intercalated  between  the 
limestone  strata  did  not  extend  over  into  the  north  side  of  the  anti- 
clinal which,  as  we  have  seen,  occupied  the  present  valley,  or  that, 
if  they  came  over  to  that  side,  they  were  higher  up  than  the  level  of 
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the  present  Sierra  Planchada,  and  were  carried  away  in  the  general 
denudation  of  which  I  have  already  spoken.  Only  mere  traces  of 
mineral  have  been  found  on  the  Sierra  Planchada,  and  upon  the  low 
hills  that  connect  the  Sierra  Mojada  with  the  Planchada.  It  was 
one  of  these  traces,  soon  exhausted,  that  was  found  in  the  hill  of  La 
Blanca,  and  denounced  by  the  original  discoverer  of  Sierra  Mojada. 
The  occurrence  of  these  traces,  is,  to  my  mind,  due  to  fragments  of 
the  main  deposits  having  been  dropped  upon  these  spots  during  the 
denudation  which  exposed  the  present  strata,  or  during  the  erosion 
which  formed  the  present  valley,  or  at  both  times.  While  it  is,  of 
course,  impossible  to  determine  anything  certainly  with  regard  to 
such  supposed  origins,  such  speculations,  however  indefinite,  are  by 
no  means  useless,  since  the  investigation  and  thought  which  they 
entail  often  lead  to  correct  ideas  as  to  mineral  formations,  their 
occurrence  and  continuance,  which  may  be  of  great  practical  value. 
My  own  theory  of  the  formation  of  these  ore-bodies  is,  that  there 
existed,  at  the  geological  horizon  which  this  deposit  now  occupies, 
one  or  more  layers  of  softer  limestone,  which,  perhaps,  through  being 
cracked  and  fissured  during  metamorphisra,  gave  passage  to  a  stream 
of  hot,  acid  waters,  holding  silver,  lead,  iron,  and  other  elements,  in 
solution.  Given  these  substances  in  the  solution,  in  ever  so  small  quan- 
tity, it  is  easy  to  see  how  the  immense  cooling-surfaces  of  a  layer  of 
limestone  could  insure  their  deposition  as  impregnations  or  as  crack- 
fillings.  If  the  stream  of  heated  water  continued  to  flow  long  enough, 
it  would,  at  last,  heat  the  rock  to  such  a  temperature  that  the  depo- 
sition of  minerals  from  the  solution  would  cease,  and  the  rock  would 
be  dissolved  with  its  accumulated  minerals,  and  redeposited  further 
on  ;  and  thus  the  deposit,  at  first  spread  through  a  large  amount  of 
rock,  would  be  concentrated  in  some  particular  spot  or  spots,  wher- 
ever a  proper  cavity  might  be  found,  and  would  be  rich  enough  for 
exploitation,  while  the  cavities  left  in  the  rocks  by  the  first  passage 
of  the  stream,  would,  in  their  turn,  be  filled  with  mineral  contents. 

Mineralogy. 

The  minerals  found  in  this  deposit  are  not  very  numerous  or 
varied.  Silver  occurs  native,  and  also  as  chloride,  bromide,  and 
sulphide,  all  in  small  and  rare  specimens,  not  to  speak  of  its  combi- 
nations with  lead.  Copper  is  found  as  carbonate  (azurite),  and  a 
very  little  pyrite.  Lead  occurs  as  carbonate  and  sulphate  and  sul- 
phide. Sulphur  is  found  native,  in  quite  large  and  exploitable  masses, 
in  the  Playas  and   Esmeralda  mines,  and  in  lesser   masses  in  other 
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parts  of  the  dejwsit.  It  is  generally  amorphous  ;  but  I  aiu  informed 
that  a  tow  crystals  have  been  found.  Of  accessory  minerals  in 
lesser  quantity,  we  have  pyrolusite  and  psilomelane,  and  various 
ores  of  iron. 

The  gangue  is  principally  calcspar,  with  some  felspar  and  heavy 
spar.  In  one  or  two  mines  only,  toward  the  western  end  of  the  ore- 
belt,  we  have  some  quartz  and  siliceous  carbonate  of  lead. 

The  copper  sparsely  found  in  this  district  is  almost  entirely  con- 
fineil  to  the  mines  of  the  western  part  of  the  known  belt,  and  accom- 
panies lead-ores  of  lower  grade  than  those  found  in  the  eastern  part 
of  the  belt,  where  few  traces  of  copper  exist.  Along  with  the  copper 
occur  masses  of  limonite,  and  occasional  slight  incrustations  of  silver 
chloride.  Eastward,  the  iron-ore  is  limonite,  with  pyrolusite  and 
psilomelane,  without  copper-ores,  and  with  plenty  of  lead  carbonate, 
carrying  from  30  to  80  ounces  of  silver  per  ton,  and  20  to  50  per 
cent,  ot  lead.  This  continues  to  a  point  1000  to  1200  meters  east  of 
the  Esmeralda  mine,  where  copper-ores  are  again  visible,  of  the  same 
nature  aud  association  as  before,  and  probably  mark  the  eastern  ter- 
mination of  the  deposit. 

The  mineral  belt,  as  far  as  now  known  and  exploited,  is  about  4 
kilometei*s  (2|  miles),  long,  from  west  to  east.  The  metalliferous 
minerals  are  packed  in  the  rock-caverns,  with  a  covering  or  surround- 
ing of  ferruginous,  lean  clay  and  disintegrated  iron-stained  limestone, 
sometimes  impregnated  with  copper  or  lead.  Only  slight  traces 
of  regularity  of  arrangement  can  be  noticed  in  this  mass :  such  as 
exist,  are  merely  faint  attempts  at  parallelism  with  the  enclosing 
strata.  The  sulphur-beds  are  a  singular  feature  of  this  deposit. 
They  are  entirely  unmixed  with  the  other  minerals,  and  were  prob- 
ably formed  by  the  roasting  of  sulphide  minerals,  after  the  deposit 
was  laid  down,  by  a  dry  heat,  to  which  the  whole  was  subjected. 
The  sublimed  sulphur  collected  in  vacant  spaces,  existing  in  the 
deposit,  and  cooling  down,  was  consolidated  by  subsequent  pressure 
into  the  masses  as  we  find  tliem. 

The  small  amount  of  sulphur  which  exists  in  the  ores  appears 
rather  as  a  mechanical  mixture  than  as  a  chemical  combination. 

Exploitation. 

The  deposits  as  a  whole  are,  as  might  be  anticipated,  quite  soft  and, 
in  many  places,  even  loose.  The  carbonates  are  both  "sand-"  and 
solid,  massive  carbonate.     These  latter  layers  are  the  most  compact 
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of  all,  but  it  is  seldom  or  never  necessary  to  use  powder  to  get  the 
mineral. 

The  proportion  of  paying  lead-ore,  that  is,  of  ore  carrying  over  20 
ounces  of  silver  per  ton,  and  over  twenty-five  per  cent,  of  lead,  is,  in 
the  best-paying  mines,  about  two-fifths  of  the  total  mass,  so  that  it  is 
necessary  to  mine  five  tons  of  material,  in  order  to  get  two  tons  of 
the  above  richness. 

In  working  the  mines,  no  mechanical  appliances  of  any  kind  are 
used,  except  picks  and  crowbars.  The  ore,  tumbled  down  in  the 
working-faces  by  bars  or  picks,  is  shovelled  with  the  bare  hands,  or, 
perhaps,  with  a  horn  spoon,  into  leather  bags,  which  are  brought  to 
daylight  on  men's  backs.  Here  the  ore  is  delivered  to  the  pickers, 
who  separate  the  dirt  and  sulphur  from  the  ore,  and  sort  it  into 
grades.  The  ore  from  the  pickers  is  weighed  and  loaded  on  asses,  to 
be  transported  to  the  smelters,  which,  in  the  case  of  the  Esmeralda, 
the  largest  producing  mine,  are  only  about  300  meters  away. 

In  the  underground  work  little  effort  at  regularity  is  made.  The 
workings  follow  the  richest  streaks  of  the  deposit,  leaving  irregular 
pillars  surrounded  by  tortuous  passages,  which  now  and  again  open 
into  large  chambers.  There  are  no  proper  stopes,  all  the  workings 
being  in  reality  headings.  Descents  from  one  level  to  another  are 
generally  made  by  the  usual  notched  sticks,  or  by  inclined  planes 
with  rude  steps,  cut  into  the  more  massive  part  of  the  deposit  or 
country  rock.  Timbering  has  been  resorted  to  in  many  places,  but 
not  to  the  extent  one  might  expect ;  and  it  is  often  lacking  where 
safety  most  imperatively  requires  it. 

The  lateral  extent  of  some  of  the  workingfs  in  the  Esmeralda  and 
Parrena  mines  is  very  considerable,  probably  not  less  than  600 
meters  from  extreme  to  extreme.  I  believe,  however,  that  no  mine 
has  as  yet  reached  a  greater  depth  than  100  meters,  which  is  the  depth 
at  one  or  two  places  only.  At  these  points,  the  deposit  was  found 
with  its  essential  features  unchanged,  and  apparently  as  thick  as 
ever. 

The  miners  are  generally  paid  so  much  per  carga  of  ore  extracted, 
a  contract  being  made  witli  some  responsible  man  for  each  working- 
face.  The  contractor  engages  the  assistance  he  deems  necessary  for 
breaking  down  and  carrying  out  the  ore,  collects  the  money  due  tlie 
party  at  the  end  of  the  week,  and  distributes  it  among  his  force  accord- 
ing to  the  work  and  merits  of  each  one.  When  timbering  or  any  dead- 
work  is  necessary,  it  is  contracted  out,  if  possible,  in  the  same  way. 
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The  pay  averages  $l.*io  to  SI. 50  per  day  for  skilled  miners  and  tini- 
bermen,  and  75  cents  to  $1.00  for  laborci-s  and  ore-carriers. 

Of  the  thirty-two  mines  mentioned  on  pai2:e  3,  only  a  few  have 
passed  bevond  the  stage  of  prospect-holes,  and  of  these  only  a  small 
number  are  worketl.  The  mines  now  in  operation  are  the  Esmeralda, 
Playas,  San  Salvador,  Parreila,  Jesus  Maria,  Volcan  and  Dolores. 
Besides  these,  others  are  worked  by  but^coiu'S  or  ore-seekers. 

The  only  mining  business  in  Sierra  IMojada  upon  a  sound  footing, 
and  working  with  regularity  both  in  mine  and  smelter,  is  that  of  the 
Consftaneia  Co.,  owning  the  Esmeralda  and  Playas  mines  and  part 
of  the  San  Salvador  mine.  The  statistics  I  shall  give  both  of  mine 
and  smelter  refer  exclusively  to  the  workings  of  this  company, 
which  represent  the  best  and  most  economical  practice  of  the  district. 

The  total  wt^kly  ore-product  of  the  district  in  April,  1886,  was 
about  1000  tons,  of  which  700  tons  were  raised  by  the  Constancia 
Co.  from  the  three  mines  above-mentioned.  Of  the  remaining  300 
tons,  100  were  raised  by  the  Parrefia  Co.,  and  the  rest  by  smaller 
enterprises. 

In  the  largely -worked  mines  the  average  cost  of  mining  the  ore, 
bringing  it  to  bank,  delivering  it  weighed  to  the  pickers,  picking, 
weighing  again  and  delivering  to  the  smelter  is  $3.33,  Mexican,  per 
ton,  or  50  cents  per  carga. 

Needed  Improvements. 

On  examiningthecharacter  of  thesedepositSjthestriking  abundance 
with  which  the  mineral  occurs  in  the  large  mines  and  the  facility  of 
its  extraction,  it  is  evident  that  the  cost  of  extraction  is  much  too 
high.  With  proper  appliances,  the  cost  of  delivering  this  ore  at  the 
smelter  should  not  exceed  81.25,  and  might  probably  be  reduced  to 
SI. 00,  per  ton.  In  order  to  effect  this,  it  would  be  necessary  first  to 
make  a  careful  survey  of  the  mines,  with  a  view  of  ascertaining  the 
extent  and  direction  of  the  present  workings  more  exactly  than  can 
now  be  known,  and  of  procuring  data  as  to  the  exact  dip  of  the  forma- 
tion and  the  modeof  occurrence  of  the  richer  portions.  The  deposit 
should  then  be  followed  in  depth  by  an  inclined  shaft,  running 
in  the  direction  of  the  dip,  provided  with  proper  hoisting-apparatus 
and  a  tramway.  This  shaft  should  extend  to  a  considerable  distance 
below  the  older  and  present  workings,  and  should  be  the  starting- 
fKjint  for  a  series  of  galleries,  at  a  proper  distance  apart,  to  be  ascer- 
tained by  study  of  the  deposit.      Between   these  galleries  winzes 
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should  then  be  opened  and  the  exploitation  carried  on  either  by 
stopes,  if  found  practicable,  or  by  some  such  system  of  extraction  as 
is  used  in  coal-mines.  The  broken  material  should  be  loaded  into 
tram-cars  brought  as  near  as  possible  to  the  working-faces,  and  thence 
taken  to  be  unloaded  at  the  smelter  or  at  the  dressing  works  in  im- 
mediate proximity  thereto.  The  old  system  of  hand-dressing  should 
be  entirely  done  away.  The  stuff  should  be  concentrated  on  jigs,  of 
which  the  product  would  be  an  ore  containing  at  least  70  per  cent, 
of  lead  and  a  proportion  of  silver  much  larger  than  at  present,  ren- 
dering thereby  the  smelting  much  more  economical,  as  well  as  reduc- 
ing the  cost  of  the  raw  material. 

Water  is  scarce  in  Sierra  Mojada,  but  is  far  from  being  absolutely 
lacking;  and  by  proper  care  the  consumption  thereof  at  the  dressing 
works  would  be  reduced  to  a  quantity  which  could  be  easily  and 
constantly  obtained ;  or  dry  concentration  might  be  introduced, 
which  would  be  perhaps  be  less  expensive  and  troublesome. 

Metallurgy. 

The  present  state  of  the  metallurgical  art  in  Sierra  Mojada  is 
crude  in  the  extreme,  and  presents  an  amusing  commentary  upon 
the  effusions  of  some  of  my  American  colleagues  who  consider  the 
Mexicans  as  "  natural  born  metallurgists,"  with  heavenly  gifts  in 
that  direction  denied  to  men  of  other  nations.  The  fact  is  that  some 
Mexicans,  those  who  have  been  regularly  taught  how,  can  get,  with 
very  rude  appliances,  some  silver  and  a  little  gold,  and  a  fair  amount 
of  lead  or  copper  out  of  almost  any  ore  of  these  metals  that  they  are 
used  to  working.  On  meeting  with  an  unknown  ore  they  try  it  in 
the  good  old  way  and  if  it  fails  to  respond,  it  is,  in  ninety-nine  cases 
out  of  one  hundred,  thrown  aside  as  useless. 

In  the  practice  of  scientific  economy  and  the  conduct  of  operations 
on  a  large  scale  they  are  generally  deficient.  Every  large  metal- 
lurgical establishment  in  Mexico,  except  those  carried  on  by  for- 
eigners, or  on  foreign  principles,  is  nearly  a  reproduction  of  the  rude 
furnace  or  arrastra  which  the  prospector  builds  as  he  opens  up  his 
mine.  The  furnace  or  arrastra  is  multiplied  by  ten  or  twenty,  and 
the  expenses  and  losses  in  exactly  the  same  proportion.  The  work 
is  carried  on  by  "  rules  of  thumb,"  handed  down  from  by-gone 
generations,  and  without  the  knowledge  of  any  sound  general  prin- 
ciples which  might  render  the  art  more  flexible  and  expansive. 

I  do  not  make  these  remarks  to  depreciate  the  Mexicans.     They 


SIERRA    MOJADA,    MEXICO. 


555 


9re  a  people  of  ooiisidorable  rnoiital  power,  of  sharp  business  talents, 
quite  willing  to  welcome  beneficial  changes  as  soon  as  they  are 
understood  to  be  such.  Even  their  most  enthusiastic  friend,  how- 
ever, must  note  that  the  jNIexican  mind  has  been  stagnant  for  many 
years  and  that  it  is  slow  in  awakening  from  the  dead  past  of  the 
eighteenth  to  the  stormier  life  of  the  present  century. 

Fig.  2. 
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Plan  and  Section  of  Mexican  Smelting  Works,     The  openings  in  the  walls  are  all 
doors;  no  windows  are  allowed,     a,  a  are  the  furnaces.     Scale,  1  :  500. 

The  ores  of  Sierra  Mojada  are  all  smelted,  part  in  upright  fur- 
naces {Jiornos  casteUanoH)  part  in  a  sort  of  reverberatory  furnace 
called  sa-penton.  Figs.  2,  3,  and  4  will  give  some  idea  of  the  con- 
struction of  these  furnaces  as  well  as  the  general  plan  of  smelting 
works  in  which  they  are  used. 

The  homo  castellano  or  upright  furnace  is  a  sort  of  a  niche  in  an 
adobe  wall,  lined  with  refractory  stone  or  even  partially  unlined. 
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It  is  always  of  approximately  square  section,  about  40  centimeters 
on  each  side  at  the  mouth,  and  tapers  gradually  from  the  mouth  to 
the  tuyere-level,  where  the  section  is  about  35  centimeters  on  each 
side.  It  is  about  1.30  meter  high,  from  the  mouth  to  the  tap-hole. 
The  single  tuyere,  about  2|  centimeters  in  diameter,  is  from  15  to  20 
centimeters  above  the  tap-hole  and  the  bottom  of  the  furnace  has  a 
slant  forward,  commencing  from  two  to  five  centimeters  below  the 
tuyere  and  ending  at  the  tap-hole.  The  tap-hole  is  some  60  to  70 
centimeters  above  the  floor  of  the  casting-room,  and  a  sort  of  bench 
of  stone  and  dirt,  with  a  rude  basin  in  its  center,  is  formed  in  front  of 


Fig.  3. 


Section  of  Upright  Furnace.     Scale,  1 :  50. 


the  furnace,  to  receive  the  molten  products  and  give  them  a  chance 
to  separate  before  going  farther.  When  the  furnace  is  to  be  operated, 
the  lower  fourth  of  the  shaft  or  niche  is  dug  out  to  a  depth  of  10 
centimeters  and  lined  with  refractory  clay  mixed  with  charcoal-dust 
and  well  rammed.  The  bottom  is  made  of  the  same  material,  and 
the  fourth  or  open  side  of  the  niche  is  closed  up  from  top  to  bottom 
with  adobes  luted  with  clay,  leaving  the  tap-hole  about  5  centi- 
meters in  diameter.  The  charging  of  the  furnace  is  done  at  the  open 
mouth,  the  feeder  carrying  the  materials  and  fuel  in  a  little  tray, 
and  mounting  up  on  the  bench  just  mentioned  to  throw  them  in. 

Two  furnaces  are  built  together,  side  by  side,  with  an  interval  of 
1.5  meters  clear  between  them. 
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Tlie  slag  is  led  off  on  the  side  of  each  furnace  further  from  the 
center-lino;  but  the  lead  from  both  furnaces  runs  toward  the  center 
into  a  rough,  oval  depression  in  the  floor  of  the  casting-room,  where 
it  consolidates  into  a  rough  slab. 

The  two  furnaces  deliver  smoke  and  fumes  from  their  open 
tops  into  the  common  casting-chamber.  The  vertical  walls  of  this 
apartment  are  ctipped  with  a  square,  pyramidal  dome  of  brick-work, 
which  ascends  about  5  meters,  and  then  terminates,  leaving  an  aper- 
ture of  about  75  centimeters  square,  which,  besides  acting  as  a 
chimney,  gives  light  and  air  to  the  operators  below. 

The  tuyeres,  one  to  each  furnace,  are  poked  through  the  refractory 
lining,  and  wedged  around  with  refractory  clay.  Generally,  each 
furnace  is  supplieil  with  wind  by  a  large  blacksmith-bellows,  worked 
by  hand- power  through  a  system  of  levers,  which  allows  the  weight 
of  the  men  to  do  most  of  the  work.  At  the  Esmeralda  works, 
belonging  to  the  Constancia  Company,  already  mentioned,  the  blast 
for  eight  furnaces  of  the  above  description,  is  supplied  by  a  No.  3 
Sturtevant  blower,  worked  at  moderate  speed  by  a  15-horse-power 
engine.  I  had  no  means  of  ascertaining  the  force  of  blast,  but 
judge,  from  several  visits,  that  the  furnaces  were  overblown,  a  de- 
fect which  I  have  noticed  at  other  places  in  Mexico,  where  steam- 
power  blast  is  used  by  Mexican  smelters.  The  result  is  large 
quantities  of  flue-dust,  and  an  increased  consumption  of  fuel. 

The  operation  of  smeltin^in  these  furnaces  does  not  differ  greatly 
from  that  in  other  upright  furnaces.  On  beginning  to  work  with  a 
new  or  newly-lined  furnace,  the  shaft  is  slowly  heated  up  by  a  small 
charcoal  or  wood  fire,  without  blast.  When  the  whole  structure 
has  thoroughly  dried  out,  more  charcoal  is  thrown  in,  the  blast 
turned  gently  on,  and  a  small  charge  of  slag  and  lead-scum  from 
the  reraelting  furnaces  is  exhibited.  The  charges  are  gradually  in- 
creased in  size  and  mixed  with  ore,  until  the  full  burden  of  the  fur- 
nace is  reached.  The  smelting  mixture  for  the  upright  furnaces  at 
the  Esmeralda  works  is  as  follows  : 


Ore, 

Litharge, 
Serpen  ton  slag, 
Lead-scum, 


Pounds. 

Per  cent,  of 
Mixture. 

Per  cent, 
of  Ore. 

300 

60 

2-5 

5 

8.333 

162^ 

32.5 

54.166 

m 

2  5 

4.166 

Total,    .        .        .         .500  lOO.O  66.666 

This  mixture  is  thrown  in  in  charges  of  1|  arrobas{Zl\  lbs.)  each, 
and  about  8  pounds  of  charcoal  are  added  with  each  charge.     The 
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total  consumption  of  charcoal  amounts  to  about  1  arroha  (25  lbs.)  to 
3  arrobas  of  the  mixture.  The  furnaces  are  run  with  a  dark  top, 
and  with  a  strong  flame  at  the  tap-hole. 

The  slags  resulting  from  this  smelting  are,  as  might  be  expected 
from  the  basic  character  of  the  ore  and  the  absence  of  siliceous 
fluxes,  subvitreous,  or  even  earthy,  of  a  dirtv^  gray  or  dark  brown 
color,  and  very  heavy.  The  weight  does  not  proceed,  however, 
from  the  lead  they  contain.  I  was  not  able  to  detect  this  metal  in 
slags  from  the  upright  furnace,  by  a  dry  assay.  The  samples  assayed 
for  silver  gave  a  result  of  0.16  of  an  ounce  per  carga,  or  about  1 
ounce  per  ton  of  2000  lbs. 

Very  little  matte  is  produced  from  these  furnaces,  the  ore  smelted 
being  almost  pure  carbonate;  and  what  little  does  come  out  is  called 
"  iron,"  and  thrown  away. 

Each  upright  furnace  will  smelt,  in  24  hours,  from  5500  to  6000 
pounds  of  the  above  mixture,  with  a  production  of  from  3300  to  3600 
pounds  of  lead  bullion. 

Considering  the  highly  basic  nature  of  the  Sierra  Mojada  ores,  the 
almost  entire  absence  of  silica,  and  the  kind  of  refractory  stone  used 
for  lining  the  furnaces,  it  will  not  be  difficult  for  any  metallurgist  to 
explain  the  high  consumption  of  fuel  with  these  docile  ores,  and  the 
great  rapidity  with  which  the  furnace-lining  is  destroyed  by  the  cor- 
rosive action  of  the  charge.  The  lining-stone  is  a  calcareous  sand- 
stone, found  near  by,  which  contains  abBut  50  per  cent,  silica.  Some 
varieties  of  it,  richer  in  silica  than  that  at  present  used,  are  reported 
to  melt  away  in  the  furnace,  "just  the  same  as  the  ore."  During  my 
stay  in  Sierra  Mojada,  I  suggested,  in  default  of  siliceous  ores,  the  addi- 
tion of  some  of  the  more  siliceous  varieties  of  the  lining-stone  to  the 
smelting-rmixture,  hoping  thereby  to  reduce  the  wear  on  the  furnace- 
lining  ;  but  I  believe  my  suggestion  was  not  listened  to.  Under 
analogous  circumstances,  in  the  Ceralvo  mining  district,  near  Mon- 
terey, the  smelters  have  taken  to  lining  their  furnaces  with  a  sort  of 
spongy,  tertiary  limestone  found  in  that  region,  and  called  sillar, 
which  has  been  found  very  durable.  It  is,  in  fact,  a  rude  form  of 
the  "  basic  lining,"  which  some  of  our  friends  have  found  so  desirable 
in  more  refined  branches  of  metallurgic  art. 

In  Sierra  Mojada,  an  upright  furnace,  carefully  lined  with  the 
best  obtainable  refractory  stone,  will  work  from  12  to  15  days,  when 
it  requires  to  be  blown  out  for  a  thorough  renovation.  The  actual 
cost  of  blowing  out  the  furnace,  repairing  it,  and  heating  up  again, 
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must  be  considerable;  yet  it  is  evidently  not  to  be  compared  with 
the  vahieof  the  time  lost  during  the  process. 

The  whole  cost  of  a  smelting-works,  with  eight  furnaces  in  con- 
dition for  use,  would  probably  not  be  over  ^2500,  Mexican.  The 
cost  of  the  blowing  plant  would,  probably,  not  exceed  ^I'^OOj  Mex- 
ican, in  addition  ;  so  that  the  entire  cost  and  installation  of  the  plant, 
capable  of  turning  out  5  to  6  tons  of  lead  daily,  would  only  be  ^4000, 
^lexiran.  Certainly,  even  under  the  drawbacks  of  building  in 
Sierra  Mojada,  it  should  not  exceed  ^6000,  Mexican,  or  about 
§4300,  United  States  currency,  at  present  rates  of  exchange  (August, 
1886). 

The  cost  of  smelting,  per  24  hours,  in  these  upright  furnaces, 
using  steam-power  blast,  is  as  follows: 

{Two smelters,        .         .        .         .  S^3  00 

Two  chargers,       .        .        .         .  2  00 

Two  slagmen 1  50 

Fuel,  70  arrobas  charcoal,  at  16  cents  per  arroba,     ,        .        .  ]  I  20 

P    .         J    I  Repairs,  wear  and  tear, 2  00 

I  Superintendence, 2  00 

Blast, 3  00 

$24  70  Mex. 

Allowing  that  each  furnace  will  smelt  11  cargas,  or  3300  lbs., 
every  24  hours,  the  above  cost  corresponds  to  $2.25  per  carga,  or 
$15.00,  Mexican,  per  ton  of  2000  lbs.,  distributed  as  follows: 

Per  ton  Ore. 

Labor, $3  95 

Fuel, 6  81 

Eepairs, 1  21 

Superintendence, 1  21 

Bhist, 1  82 

$15  00 

If  the  blast  were  operated  by  hand-power,  the  cost  per  ton  would 
not  be  less  than  820.00. 

W.  L.  Austin,  in  his  paper  on  smelting  in  Chihuahua(Tra«s«e^/ons, . 
xii.,  185j,  makes  the  cost  of  smelting  "  very  refractory  sulphuretted 
ores,"  in  furnaces  like  the  above,  $6.80  per  ton,  exclusive  of  general 
expenses,  blast,  repairs,  and  superintendence.     Another  estimate,  by 
the  same  gentleman,  is  as  follows,  per  ton  of  ore  : 

Labor, §2  80 

Fuel, 5  20 

Power, 2  00 

$10  00  (Mexican,  I  suppose.) 
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The  latter  estimate  is  also  declared  not  to  include  the  cost  of  repairs, 
or  "any  of  the  little  expenses  incidental  to  smelting  operations  of 
this  kind/'  and,  I  infer,  not  the  cost  of  superintendence,  etc. 

Fuel  costs  more  in  Sierra  Mojada  than  in  the  district  described  by- 
Mr.  Austin,  and  this  is  partly  to  blame  for  the  higher  cost  of  this 
item  per  ton  of  ore  in  my  statement;  but  the  overblasting  of  the 
furnaces,  already  noted,  and  the  absence  of  a  proper  flux  in  the 
smelting  mixture,  are  responsible  for  the  rest.  Labor  is  cheaper  in 
Mr.  Austin's  district;  the  pay  of  smelters  at  that  point  is  only  60 
cents  per  day,  and  of  chargers  20  cents,  as  against  $1.50  and  $1  paid 
in  Sierra  Mojada.  Taking  these  and  other  facts  into  consideration 
it  will  be  seen,.  I  think,  that  the  Sierra  Mojada  work  is  a  fair  average 
Mexican  practice,  and  that  it  will  be  impossible  to  decrease  the  cost 
materially,  so  long  as  the  present  system  is  adhered  to. 

One-third  of  the  lead  produced  by  the  Esmeralda  Company  is 
made  in  the  serpentones  already  mentioned.  These  are  said  to  have 
been  introduced  into  Sierra  Mojada  by  the  late  Carlos  Schuhardt. 
Probably  they  were  an  invention  of  his  own.  I  have  never  seen 
anything  precisely  like  them,  or  any  description  of  them  in  any  work 
on  metallurgy. 

As  will  be  seen  in  Fig.  4,  they  are  reverberatory  furnaces  of  a 
peculiar  kind.  They  are  built,  of  course,  of  the  all-pervading 
adobe,  with  a  stone  lining  to  the  inclined  portion  of  the  hearth  and 
to  part  of  the  chimney. 

On  opening  the  fire  door  of  a  serpenton  we  find  that  it  gives  ad- 
mission to  a  fire-box  about  1  meter  long  and  50  centimeters  wide, 
with  an  ash-pit  below,  from  which  it  is  separated  by  grate-bars  of 
adobe  or  iron.  The  fire-box  is  vaulted  over  in  hemispherical  shape, 
and  has  at  the  inner  end  a  fire-bridge  about  30  centimeters  high. 
Back  of  the  fire-bridge  we  find  a  basin  or  sump,  likewise  about  1 
meter  long  and  50  centimeters  wide,  which  is  lined  with  refractory 
clay  and  well  fettled  with  slag.  The  lowest  point  of  the  sump  is 
at  one  side,  where  a  suitable  tap-hole  is  provided. 

Leading  backwards  from  the  sump  and  upwards  at  an  angle  of 
about  ten  degrees  is  the  hearth,  about  4  meters  long  by  50  centime- 
ters square  section,  floored  and  partially  lined  with  refractory  stone. 
The  hearth  opens  directly  and  with  the  same  dimensions  into  a 
chimney,  which  stands  5  meters  high  above  the  level  of  the  highest 
part  of  the  hearth  floor.  At  the  same  level,  and  opening  into  the 
back  of  the  chimney,  is  the  charging-door,  of  the  same  dimensions 
as  the  section  of  the  hearth. 
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The  hearth  is  covere<l  or  arche<l  over  throughout  its  entire  length, 
and  is  proviikxi  with  two  or  three  rabbling-  and  inspection-holes, 
each  about  20  centimeters  square,  placed  at  various  points  along  its 
lengrth,  at  the  level  of  its  floor. 

The  process  of  smelting  in  the  serpenton  is  admirably  simple.  At 
the  Esmeralda  works  a  smelting-raixture  is  made  with  5  arrobas  of 
ore  from  the  Esmeralda  mine,  2  arrobas  from  the  Playas  mine,  and 


Fig.  4. 


Section  of  Serpenton.     Scale,  1  :  100. 

5  from  the  S.  Salvador  mine,*  to  which  are  added  1  arroba  of  litharge 
and  3  arrobas  of  lead-scum,  skimmed  at  the  remelting  furnace  from 
the  top  of  the  bars.  This  mixture  is  thro\vn  by  shovelfuls  into  the 
charging-tloor  of  the  serpenton,  each  shovelful  of  the  charge  being 
mixed  with  four  shovelfuls  of  charcoal-dust. 

On  starting  to  smelt,  after  the  furnace  has  been  heated  up,  about 
one-third  of  the  length  of  the  hearth  is  charged  with  the  smelting- 
raixture,  spread  out  in  a  layer  from  5  to  10  centimeters  in  depth. 


*  The  S.  Salvador  ore  is  added  because  it  makes  a  better  slag,  being  more  siliceous. 
The  Mexican  smelter  has  ascertained  the  fact  without  knowing  the  reason. 
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Of  course,  the  first  actiou  of  the  flames  is  to  drive  off  the  moisture, 
after  which  comes  the  ignition  and  burning  of  any  sulphur  that 
may  be  present  and  the  liberation  of  carbonic  acid.  Metallic  lead 
and  litharge  are  soon  formed,  which  make  a  slag  with  the  small 
amount  of  silica  present,  and  form  a  crust  on  top  of  the  ore-layer. 
This  being  the  case,  the  charge  is  skimmed,  so  to  speak,  the  crust 
being  moved  downward  on  the  hearth  towards  the  fire-box  in  frag- 
ments, while  the  under  portion  of  the  charge  is  rabbled,  so  as  to  be 
better  exposed  to  the  action  of  heat. 

These  operations  are  repeated  in  succession,  fresh  ore  being  charged 
as  above  whenever  deemed  necessary,  and  the  former  charge  being 
moved  downward  until,  in  three  or  four  hours  after  charging,  the 
sump  is  full  of  melted  lead,  on  top  of  which  floats  a  highly  basic 
slag,  only  made  fusible  by  the  lai'ge  quantity  of  lead,  sometimes  as 
high  as  35  per  cent.,  which  it  contains.  The  lead  is  run  oflP  from 
the  sump  from  time  to  time  into  a  basin  or  receptacle  dug  in  the 
ground  at  the  side  of  the  furnace,  and  cools  into  rude  slabs  of  an 
oval  shape.  The  work  is  done  with  the  charging-door  at  the  end 
of  the  furnace  almost  constantly  open,  entailing  an  immense  loss  of 
heat  and  waste  of  fuel.  Indeed,  most  of  the  serpentones  have  no 
doors  at  all  to  this  opening,  and  it  is  -impossible  to  make  the  smel- 
ters understand  that  any  economy  would  result  from  their  use. 

The  cost  of  maintaining  these  furnaces  is  something  enormous. 
The  lining  is  continually  eaten  away  to  supply  the  silica  needed  for 
the  slag,  and  the  furnaces  get  out  of  order  or  even  fall  altogether,  a 
mass  of  ruins,  after  a  very  few  days'  work.  Their  working-time 
does  not  average  over  six  days,  during  which  time  one  furnace  smelts 
about  20  cargas  of  ore  with  its  mixture  per  day,  with  a  daily  pro- 
duction ef  10  cargas  of  lead  bullion. 

The  cost  of  smelting  in  serpentones,  a  new  item  of  metallurgical 
information,  may  be  put  down  about  as  follows,  allowing  each  to 
work  up  20  cargas  of  ore  per  day  of  twenty-four  hours. 


Cost  per 
24  Hours. 

r  Two  smelters, ?2  50 

Labor  <  Two  assistants, 1  50 

i  Extra  labor 2  00 

Fuel,  41  cargas  wood  at  75  cents  per  carya,      .         ,         .         .  30  75 

P    .      ,1     f  Repairs,  wear  and  tear,       .         .         .         .         .  5  00 

>-  Superintendence  and  general  expenses,      .  3  00 

Total  cost  per  twenty-four  hours,        .        .        .  $44  75 
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Cost  per  toil 
of 'JOOO  pounds. 

LalH>r $2  04 

Fuel, 10  25 

Repairs,  etc., 1  70 

Sujierintendence, 1  00 

Total  cost  per  ton, S!14  99 

This  corresponds  to  a  cost  of  $2.24  per  carga,  or,  as  above,  $14.99 
per  ton,  exactly  the  same  as  the  cost  of  smelting  in  npright  fur- 
naces. This  is  contrary  to  the  general  imj)ression  in  the  above- 
mentioned  works,  where  it  is  asserted  that  the  cost  of  smelting  in 
serpentones  is  much  higher  than  that  of  smelting  in  upright  furnaces ; 
but  no  figures  can  be  given  to  prove  the  assertion. 

Considering,  moreover,  the  cheap  construction  of  the  serpcnton,  its 
use  of  raw  fuel  (brai\ches  and  twigs  of  resinous  wood,  quick-burning 
and  giving  a  long  flame,  are  the  favorites),  the  comparative  simplicity 
of  its  operation  and  the  absence  of  expense  for  blast,  it  seems  as  if 
the  serpenion,  could  it  be  made  more  durable,  and  protected  by  the 
use  of  proper  fluxes,  would  be  far  superior  to  the  upright  furnace  for 
pure  carbonates  and  galenas,  in  enterprises  where  capital  is  limited 
and  more  modern  machinery  not  available. 

The  metal  from  the  upright  furnaces  and  serpentones  is  remelted 
for  casting  into  pigs  of  the  usual  commercial  form.  This  is  done 
because  the  original  bars,  being  cast  in  depressions  in  the  floors  of 
the  casting-rooms  or  alongside  the  serpentones,  are  covered  with  sand 
and  dirt,  besides  being  in  shapes  and  sizes  too  irregular  for  exporta- 
tion. 

The  furnaces,  called  galemes,  in  which  the  remelting  is  done,  do 
not  call  for  minute  description,  being  in  form  and  construction  essen- 
tially the  same  as  the  serpentones,  except  that  the  hearths  are  only 
about  two-thirds  as  long.  The  masses  of  lead  are  charged  upon  the 
upper  part  of  the  inclined  hearth,  and  the  melted  lead  flows  down 
into  the  sump  of  the  furnace,  whence  it  is  tapped  off  into  an  iron 
ix)t  heated  from  below,  the  surface  skimmed  with  a  perforated  ladle 
and  the  clear  metal  ladled  into  the  moulds.  These  bear  the  name 
of  "  Esmeralda,  Sierra  Mojada,"  a  brand  well  esteemed  in  the  Eng- 
lish market. 

The  following  estimate  of  the  cost  of  remelting  the  lead  is  based 
upon  an  average  consumption  of  22|  tons  (150  cnrgas)  of  ore  per  day 
with  a  production  of  7.6  tons  (51  cargas)  of  lead  in  the  same  time. 
This  is  the  capacity  of  the  Esmeralda  works,  so  often  alluded  to. 
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Cost  for 
24  Hours. 

|-  Two  smelters, $2  50 

Labor  <  Two  assistants, 2  00 

i  Extra  labor, 2  00 

Fuel,  30  cargas  wood,  at  75  cents,     .         .         .         .         .         .  22  50 

Repairs,  etc., 3  00 

Superintendence  and  general  expenses, 3  00 

$35  00 

Per  ton  of 
Ore  Smelted. 

Labor, $0  29 

Fuel, 0  99 

Repairs, 0  13 

Superintendence, 0  13 

II  54 

Per  ton  of 
Lead  Remelted. 

Labor, i        .        .  $0  855 

Fuel, 3  000 

Repairs, 0  400 

Superintendence,      .        .        .        .    "    .        .        .        .        .0  400 

U  655 
The  above  charge  of  $4.65  upon  every  ton  of  lead  buHion  might 
easily  be  avoided,  even  under  the  present  system,  by  having  between 
each  pair  of  upright  furnaces  a  pot  to  receive  the  lead.  Into  this 
the  lead  would  run  as  fast  as  smelted  ;  it  could  be  kept  hot  by  a  few 
brands  underneath  the  pot;  and  the  lead  from  the  serpentones  could 
be  added  as  fast  as  sufficiently  cool  to  be  handled,  and  the  whole 
ladled  off  into  the  moulds  without  further  expense. 

This  is  another  of  the  little  economies  which  it  seems  difficult  to 
make  the  parties  in  interest  perceive,  yet  which  would  make  a  sav- 
ing of  some  twenty -five  or  thirty  dollars  a  day  in  expenses,  if  the 
above  estimate  be  correct. 

To  recapitulate,  the  total  cost  of  making  one  ton  of  ore  into  market- 
able lead  bullion,  at  the  best  smelting  works  in  Sierra  Mojada,  is 
about  as  follows : 

Cost  of  mining,  cleaning,  and  delivery  to  smelter,  one  ton 

of  ore, $3  33 

Smelting  one  ton  ore, 15  00 

Remelting  lead,         .        .        .        .        ,        .        .        .  1  54 

Total  cost  of  mining  and  smelting  one  ton  ore,  .         .  $19  87  Mexican 

The  estimate  for  the  above  work  made  by  the  company  and  pre- 
sumably taken  from  its  books  is  !ii>18.91  j)er  ton  of  ore,  or  $2.84  per 
carga.  I  believe,  however,  that  the  latter  estimate  does  not  include 
the  cost  of  remelting  the  lead,  which  is  supposed  to  be  very  trifling. 
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Eetorring  to  my  notes,  I  tiud  tliat  a  company  in  Sierra  Mojada 
during  a  certain  period  of  13  weeks  smelted  2040  tons  (13,582  ear- 
ga£)  oioi'G  with  a  production  of  696  tons  of  rich  lead  (4633  cargas). 
The  proiluction  of  lead  averaged  34.12  per  cent,  of  the  ore  treated, 
hence  it  took  2.93  tons  of  ore  to  make  one  ton  of  lead  bullion.  Plac- 
ing the  cost  of  cue  ton  of  ore  made  into  lead  bullion  at  $19.87 
^Mexican,  as  just  stated,  the  cost  to  the  company  of  a  ton  of  lead  bul- 
lion would  be  858.22  Mexican,  or,  at  present  rates  of  exchange, 
when  the  Mexican  dollar  is  equal  to  73  cents  American  money, 
S42.50  U.  S.  currency.  The  average  silver  contents  of  1  ton  of  this 
bullion  is  13J  Mexican  ounces  per  cavga,  equal  to  83.6  ounces  Troy, 
per  ton  of  2000  pounds  avoirdupois. 

The  lead  bullion  is  hauled  by  mule-teams  to  Monclova,  the 
present  terminus  of  the  Mexican  International  Railroad,  whence  it 
is  forwarded  to  Liverpool  and  a  market.  The  freight  to  Monclova, 
a  distance  of  264.5  kilometers  (165.3  miles)  is  $2.50  per  carga  or 
S16.65  Mexican,  per  ton;  the  freight  to  Liverpool  from  Monclova 
costs  S17.00  U.  S.,  per  ton  of  2000  lbs.,  equal  to  $23.30  in  Mexican 
money. 

Needed  Metallurgical  Improvements. 

If  the  ores  of  Sierra  Mojada,  pure  and  easily  fusible  as  they  are, 
were  smelted  in  water-jacket  furnaces  of  the  modern  type,  the  cost 
of  smelting  could  be  reduced  from  the  ridiculously  high  figures  of 
819.87  Mexican,  equal  to  $14.50  U.  S.,  to  about  $1.18  per  carga, 
equal  to  $7.82  Mexican,  or  %h.ll  U.  S.  currency  per  ton.  This  will 
readily  appear  from  the  following  estimate,  based  upon  smelting  40 
tons  of  ore  per  day  in  a  water-jacket  furnace. 

Per  Twenty-four  Hours.  Per  ton  of 

Ore  Smelted. 

(One  head  smelter,  .        .         .    $6  00  \ 

One  assistant  smelter,     .         .      5  00  I  $26  00  $0  650 
Extra  labor,    .         .         .         .     15  00  J 

Fuel.  6Hons  coke  at  §30 195  00  4  875 

Repairs  to  plant  and  tools, 7  00  0  175 

Superintendence  and  general  expenses,        .        .  15  00  0  375 

Blast, 20  00  0  500 

Interest  on  value  of  plant,  say  on  §15,000  Mexican, 

say, 5  00  0  125 

Wear  and  tear  on  plant  $15,000  to  be  used  up  in 

ten  years, 5  00  0  125 

Water  supply, 15  00  0  375 

Fluxes, 25  00  0  625 

Total, $313  00        $7  825 
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Allowing  for  all  contingencies  and  for  any  item  omitted,  or  not 
made  large  enough  in  the  above  estimate,  the  cost  will  certainly  not 
be  over  $9.00  Mexican,  or  $6.57  IT.  S.  currency,  per  ton.  From  the 
above  40  tons  of  ore,  allowing  for  a  slight  increase  only  in  yield  of 
lead  over  that  obtained  from  the  present  furnaces,  we  would  get  14 
tons  of  lead  bullion,  which  would  therefore  cost  as  follows: 

Mining  and  delivery  to  smelter  of  2.75  tons  of  ore  at 

13.33  per  ton, $9  16 

Smelting  2.75  tons  ore  at  $7.83  per  ton      .         .         ,2153 


Total  cost  bullion,  per  ton,  ....  $30  69  Mexican. 

The  above  is  a  saving  of  $27.53,  Mexican,  on  each  ton  of  bullion 
produced,  as  compared  with  the  cost  of  that  now  produced  by  the 
Esmeralda  works,  given  above. 

In  order  to  avoid  an  excessive  cost  for  fire-brick  in  the  modern 
type  of  furnace  and  to  reduce  the  use  of  siliceous  flux  to  a  minimum, 
it  would  probably  be  best  to  use  Avater-jacket  furnaces  of  the  type 
employed  for  some  copper-ores,  in  which  the  water-jacket  extends 
from  the  charge-hole  to  the  bottom  of  the  crucible,  dispensing  with 
other  refractory  linings  altogether.  The  ores  of  Sierra  Mojada  being 
almost  entirely  free  from  sulphur,  the  use  of  such  a  furnace  in  that 
locality  offers  greater  advantages  than  it  might  elsewhere. 

The  erection  of  any  new  type  of  furnace  will  no  doubt  be  first  ac- 
complished by  the  company  owning  the  Esmeralda  works,  the  lead- 
ing company  in  the  region  ;  and  in  this  connection  the  question  of 
the  location  of  such  a  furnace  is  an  important  one. 

The  present  Esmeralda  works  are  situated  only  about  300  meters 
north  of  the  mouth  of  the  mine.  The  office  and  stores  of  the  same 
company  are  about  2  kilometers  (1 J  miles)  northward  of  the  smelt- 
ing works,  almost  at  the  bottom  of  the  valley  and  about  86  meters 
(284  feet)  lower  than  the  works.  Back  of  the  offices  are  two  large 
dams  of  earthwork,  thrown  across  the  valley  to  catch  the  rain-water 
drainage  which  furnishes  the  only  water-supply  to  the  works.  The 
company's  buildings  are  surrounded  by  an  irregular  collection  of 
thatched  huts,  and  a  i'ew  adobe  houses,  occupied  by  the  workmen  in 
the  mines  and  the  minor  employees  of  the  company.  These  form, 
with  their  families,  a  population  of  nearly  1000  persons,  also  depend- 
ent on  the  tanks  for  their  water  supply.  Their  little  village  is 
called  Estanque  de  la  Esmeralda  (the  Esmeralda  Tanks). 

It  has  been  proposed  that  any  new  furnaces  to  be  built  should  be 
located  on  the  edge  of  these  tanks,  so  as  to  take  the  water  directly 
from  them  to  the  water-jackets.     It  will  not,  I  think,  be  difficult  to 
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prove  that  it  will  he  much  better  to  place  the  new  works  nearly  in 
the  situation  of  the  pres^ent  ones,  and  to  take  np  to  them  there  all 
the  water  neetletl. 

A  forty-ton  water-jacket  furnace,  of  the  kind  recommended,  will 
need  alxnit  40,000  gallons  per  day  to  be  passed  through  the  water- 
jackets  and  for  the  use  of  the  engine.  Of  this,  the  only  part  abso- 
lutelv  lost  will  be  that  vaporized  by  the  engine  and  a  small  amount 
of  leakage.  The  amount  of  water  evaporated  and  lost  in  passing 
through  the  engine  can  be  greatly  reduced  by  condensing  the  exhaust- 
steam  in  a  simple  apparatus,  and  will  not  exceed  5000  gallons  daily 
(the  present  daily  consumption  for  a  15  horse-power  engine,  exhaust- 
ing into  the  air,  and  for  drinking  purposes  in  the  works  is  4650 
gallons'),  while  for  drinking  and  by  leakage,  etc.,  there  may  be  a 
consumption  of  1000  gallons  more,  making  a  total  of  6000  gallons 
absolutely  lost  per  day. 

AVith  a  s melting-capacity  of  40  tons  of  ore  per  day,  the  above 
would  correspond  to  150  gallons  per  ton  of  ore  smelted.  As  the 
above  estimate  of  water  used  in  cooling  and  loss  is  a  most  liberal 
one,  it  is  probable  that  on  doubling  the  capacity  of  the  works  to 
smelt  80  tons  per  day,  the  quantity  required  to  be  passed  through 
the  jackets  will  not  exceed  50,000  gallons,  with  a  loss  of  8000 
gallons  daily. 

The  problem  to  be  solved  is,* whether  it  will  cost  more  to  bring  80 
tons  of  ore  1^  miles  down-hill  daily  than  to  transport  50,000  gal- 
lons up-hill  to  the  same  distance  and  in  the  same  time. 

If  we  attempt  the  transportation  of  the  ore  on  the  backs  o^  burros, 
as  has  been  proposed,  or  in  wagons,  the  cost  of  loading  and  unload- 
ing, moving,  repairs,  interest,  wear  and  tear,  and  wages  will  scarcely 
be  less  than  10  cents  per  carga,  or  66  cents  per  ton.  This  will  cost 
per  day  §52.80,  or  §19,272.00  yearly.  Besides  the  above,  there 
will  be  a  large  consumption  of  water  by  the  animals  and  men  em- 
ployed, and  a  consilerable  increase  of  care  and  anxiety  on  the  part 
of  the  administration  to  insure  the  constant  movement  of  this  quan- 
tity of  ore,  week-days  and  Sundays,  by  unreliable  labor.  There 
will  also  be  losses  of  ore  on  the  road,  repairs  of  roads,  extra  help  to 
deliver  and  receive  the  ore,  and  wear  and  tear  of  sacks,  scales  and 
tools,  all  of  which  will  make  up  a  considerable  yearly  item. 

If  it  be  proposed  to  build  a  railroad  and  use  locomotive  power  it 
would  be  necessary  to  lengthen  the  road  to  be  built  in  order  to  get 
a  moderate  grade,  and  introduce  some  curves  to  give  the  engine  more 
control  over  the  train.     Such  a  railroad  could  not  be  made  less  than 
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2J  miles  long,  and  would  even  then  have  a  grade  of  2.1  per  cent., 
Ill  feet  per  mile. 

The  cost  of  a  narrow-gauge  railroad  of  2  feet  (60  centimeters) 
gauge,  even  if  of  light  steel  rails  weighing  20  pounds  per  yard, 
would  not  be  less  than  $5500  Mexican,  per  mile.  It  should,  of 
course,  be  a  continuation  of  the  track  to  be  laid  in  the  mines  and  on 
the  incline  before  recommended.  The  total  cost  of  the  railroad 
equipped  would  be  about  as  follows: 

Two  and  one-quarter  miles  of  railroad,  graded  and  metalled, 

at  15500  per  mile, |12,375  00 

One  locomotive  engine, 5000  00 

Ten  cars,  to  hold  two  tons  each, 2000  00 

Total,  in  Mexican  money,        .        .  '      .         .  $19,375  00 
Or,  say,  in  round  numbers,  $20,000. 

The  daily  cost  of  operating  this  road  would  be  about  as  follows : 

For  24  Hours. 

(One  engineer, $5  00 

One  assistant  (fireman), 1  50 

Extra  labor, 5  00 

Fuel, 7  00 

Repairs  to  rolling  stock  and  permanent  way,  oil  and  waste,     .  7  00 

Interest  on  ^^20,000, 7  00 

Wear  and  tear  on  $20,000,  to  wear  out  in  ten  years,         .         .  7  00 

Superintendence  and  general  expenses, 7  00 

146  50 

Per  ton  Carried 
(at  yo  tons  per  day.) 

Labor $0  113 

Fuel, 0  078 

Repairs,  etc., 0  078 

Interest, 0  078 

Wear  and  tear, 0  078 

Superintendence,  etc., 0  078 

Total  cost  per  ton,        .        .         .        .  •     .        .     $0  503 

Supposing  that  80  tons  of  ore  are  brought  down  to  the  smelter, 
and  10  tons  of  material  carried  up  to  the  mines  daily,  the  cost  would 
be,  as  above,  50  cents  per  ton,  a  saving  of  IGjV  cents  per  ton  over 
wagon  transportation.  The  yearly  transportation  cost  would  be 
$16,973.08. 

Instead  of  adopting  haulage  by  locomotives,  the  tramway  might 
be  worked  by  gravity,  the  loaded  cars  being  lowered  by  a  wire  cable, 
and  their  weight  utilized  to  draw  the  empty  cars  u[).     In  this  case 
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a  double  track  woukl  have  to  be  laid  ;  and  it  is  probable  that  the  cost 
of  constructing  and  working  the  system  would  at  least  equal,  if  it 
did  not  exceed,  tiie  estimated  cost  of  locomotive-haulage. 

Cheai^>er  both  in  construction  and  operation  would  be  a  straight 
track  from  the  mines  to  the  smelter,  with  a  stationary  engine  at  the 
top  of  the  incline  to  lower  and  raise  the  cars  by  a  wire  cable,  or  a 
"  wire-rope  tramway,"  so-called,  carrying  the  ore  in  suspended 
buckets  on  a  wire  cable,  motive  power  to  be  furnished  cither  by 
gravity  or  by  a  stationary  engine. 

All  of  these  plans,  including  the  first  one,  are  objectionable  as 
introducing  into  this  remote  district,  where  skilled  mechanics  are, 
above  all  things,  scarce,  and,  even  if  obtained,  likely  to  be  unreliable, 
elements  of  complication,  annoyance,  and  direct  or  indirect  loss, 
which  are  extremely  undesirable. 

Recurring  to  the  other  branch  of  the  problem,  that  of  taking  the 
water  to  the  ore,  it  seems  to  my  mind  that  the  forcing  of  the  water 
through  a  pipe,  1 J  miles  long,  up  a  hill  300  feet  high,  will  give  a 
more  satisfactory  result  than  any  of  the  plans  suggested  for  moving 
the  80  tons  of  ore  daily  down  hill. 

In  my  judgment,  therefore,  the  new  works  should  be  located  as 
near  the  mouth  of  the  mine  as  possible,  and  the  water  should  be  forced 
up  to  them  by  means  of  a  steam-pump  through  a  line  of  pipe.  The 
water  would  be  received  into  a  30,000-gallon  reservoir,  like  a  rail- 
road tank,  whence  it  could  be  distributed  to  the  water-jackets  or  to  the 
steam  boiler  as  needed.  The  hot  water  would  flow  from  the  water- 
jackets  into  a  receptacle  of  small  dimensions,  whence  it. would  be- 
conducted  back  to  the  tank  at  the  foot  of  the  hill  through  a  second 
line  of  pipe.  Both  lines  of  pipe  would  be  buried  in  the  ground 
where  necessary  for  road  crossings,  etc.,  or  would  be  covered  with 
two  or  three  feet  of  dirt  at  other  points. 

The  descending  water  would  arrive  at  the  tank  completely  cooled, 
at  less  expense  and  with  less  loss  of  time  and  water  than  the  cooling 
could  be  effected  in  any  other  way.* 

The  cost  of  the  necessary  plant  would  be  lessened  by  using  pipes 
of  biturainized  paper,  which  are  capable  of  resisting  much  higher 

*  A  few  days  after  writing  the  above  I  received  the  paper  of  Mr.  Wendt,  on  the 
Copper  Ores  of  the  Southwest,  citing  the  case  of  the  Detroit  Copper  Company  near 
Clifton,  Arizona,  which  is  pumping  water  1700  feet  up  hill,  through  a  pipe  seven 
miles  long,  having  found  it  more  profitable  to  locate  its  smelter  at  the  mines  and 
pump  the  water  as  above  than  to  haul  the  ores  to  the  river  whence  the  water-supply 
comes. 
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pressures  than  would  be  necessary  in  the  ]")resent  case  (150  to  200 
pounds),  cost  one-half  as  much  as  iron  pipes  and  are  more  durable. 
The  water  to  be  passed  through  them  is  less  likely  to  form  an  in- 
crustation on  the  inside  than  on  iron  pipes.  The  cost  of  transporta- 
tion of  these  pipes  to  a  remote  point  is  much  less  than  that  of  iron 
pipes  on  account  of  their  lesser  weight  per  foot.  The  pipes  should 
be  at  least  2h  inches  in  internal  diameter. 

In  order  to  prolong  the  life  of  the  pump  it  would  be  advisable  to 
have  it  of  considerably  more  power  than  is  actually  necessary  for 
the  amount  of  water  to  be  forced  under  ordinary  circumstances, 
about  2100  gallons  per  hour.  The  pump  should  be  capable  of  de- 
livering 2500  gallons  per  hour  at  a  piston  speed  of  30  strokes  per 
minute.  The  diameters  of  the  pump-  and  steam-cylinders  should  be 
6  and  8  inches  with  a  stroke  of  about  12  inches;  these  are  the  dimen- 
sions and  duty  of  a  Knowles  pump  No.  6. 

The  total  cost  of  the  pumping-plant  will  be  about  as  follows : 

2J  miles  of  piping  laid  at  $1500  Mexican,  per  mile,  .         .  $3750  00 

Boiler  and  i)mnp,  Knowles  No.  6  complete,  in  Sierra  Mojada,  1500  00 

Tank  erected  complete, 800  00 

Extras  and  contingencies,   .......  700  00 

Total,  Mexican  money, $6750  00 

Or,  say,  .?7000,  in  Mexican  money. 

The  above  would  be  a  plant  eminently  adapted  for  Sierra  Mojada, 
as  it  could  be  easily  handled  by  inexperienced  workmen,  not  being 
liable  to  get  out  of  order;  and  the  cost  for  repairs,  etc.,  would  be 
almost  nothing  for  several  years. 

The  daily  cost  of  operating  the  pumping-plant  will  be  as  follows: 

One  engineer, $5  00 

Fireman,          ..........  1  00 

Fnel, 10  00 

Repairs,  oil,  and  waste, 1  50 

Interest  on  $7000,  say, 2  50 

Wear  and   tear  on  $7000  worth  of  machinery,  etc.,  to  last 

fifteen  years,  say, 1  50 

Superintendence, 3  00 

$24  50 

The  annual  cost  would  be  in  round  numbers  $9000,  a  direct 
saving  of  nearly  $8000  per  annum  over  the  cost  of  carrying  the  ore 
to  the  water.     Besides,  there  would  be  a  gain  of  interest  on  some 
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$13,000  capital  equal  to  $1560  per  annum,  being  a  total  saving  of 
over  $10,000  annually. 

In  addition  there  would  be  a  freedom  from  complication,  care 
and  anxietv  on  the  part  of  the  administration  which  cannot  be 
valuci^l  in  money. 

"Water. 

As  can  be  readily  conjectured  from  the  foregoing  observations,  the 
great  drawback  to  mining  and  metallurgici.il  operations  in  Sierra 
^lojada  is  the  scarcity  of  water,  and  this  is  the  reason  why  there 
are  so  few  mines  worked  of  the  many  known  to  exist  in  this 
district.  Only  one  company  has  any  large  supply  of  this  indis- 
pensable fluid,  and  as  it  needs  all  it  has  in  its  own  business,  other 
parties  must  go  without.  If  a  reasonable  supply  of  water  could  be 
depended  upon,  the  production  of  the  district  would  be  quadrupled 
at  the  very  least.     The  present  state  of  things  is  about  as  follows: 

One  small  spring,  not  entirely  constant,  exists  in  the  valley  at  a 
point  called  Nueva  York,  half  a  mile  from  the  town,  and  anotiier 
small  stream  farther  away  at  a  point  called  San  Francisco,  while 
on  the  south  flank  of  the  Sierra  Mojada  mountain,  about  5  kilo- 
meters S.W.  of  the  New  York  spring,  and  at  a  point  about  50 
meters  higher  up,  is  a  much  stronger  spring  called  Comanchito.  All 
of  these  are  of  such  small  volume  as  to  be  unavailable  for  metal- 
lurgic  purposes. 

In  the  bed  of  the  arroyo  or  dry  creek,  which  comes  down  from 
the  Xew  York  spring  and  passes  on  the  w^estern  and  northern  out- 
skirts of  the  town,  some  thirty  or  forty  wells  have  been  sunk  within 
a  very  limited  area,  all  of  which  have  w^ater,  some  to  the  depth  of 
several  vards.  This  supply  diminishes  greatly  or  gives  out  entirely 
during  the  drier  months  of  the  year. 

The  rainy  season  in  Sierra  Mojada  begins  about  the  middle  of 
May  and  lasts  until  the  end  of  July,  during  which  time  heavy  rains 
are  frequent,  while  light  showers  occur  every  two  or  three  days. 
Some  years,  however,  there  is  no  rain  at  all  of  any  account  during 
the  entire  year,  and  always  the  autumn,  winter  and  spring  months 
are  entirely  rainless.  As  might  be  expected,  the  drought  during 
the  months  immediately  preceding  the  rainfall  is  something  terrible. 
The  sun  shines  with  tremendous  force  and  bakes  the  earth,  while 
the  wind,  constantly  blowing  strongly  from  N.W.,  brings  with  it 
immense  quantities  of  sand  and  dust  which  penetrate  everywhere, 
and  make  both  indoor  and  outdoor  life  a  burden. 
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At  ordinary  times  the  price  of  a  bucket  of  drinking-water,  holding 
about  5  gallons,  is  6^  cents ;  but  during  the  drought  the  price 
steadily  advances  to  18,  25,  and  even  37|  cents.  Numerous  fami- 
lies leave  town  when  the  price  of  water  commences  to  rise,  and 
return  after  the  rains. 

In  order  to  equalize  the  supply  of  water  throughout  the  year,  and 
to  be  able  to  carry  out  a  business  of  some  extent  without  being 
crippled  by  the  droughts,  the  larger  mining  companies  have  been 
forced  to  build  dams,  as  already  observed.  These  tanks  are  in  front 
of  the  mines  at  the  bottom  of  the  valley,  about  4  kilometers  (2J 
miles)  east  of  the  town  of  Sierra  Mojada. 

The  Esmeralda  Co.  has  two  of  these  dams,  capable  of  holding 
al)Out  9,000,000  gallons  of  water,  and  the  Parrena  Co.  has  one,  a 
few  hundred  meters  eastward,  which,  when  full,  would  hold  about 
11,000,000  gallons.* 

These  dams  are  formed  of  the  loose  alluvial  soil  of  the  valley, 
well  compacted,  almost  in  the  shape  of  a  railroad  embankment, 
having  a  width  on  top  of  6  meters  for  a  height  of  4  to  5  meters, 
with  slopes  on  each  side  corresponding  to  the  natural  slope  of  the 
dirt.  The  embankments  were  commenc€Kl  in  a  trench  dug  along 
the  proposed  line,  and  were  carried  up  without  further  preparation. 
The  bottoms  of  the  tanks  were  compacted  after  some  rain  had  fallen, 
by  driving  cattle  and  mules  around  in  them  during  some  days.  The 
two  Esmeralda  tanks  have  held  the  water  perfectly  well,  but  the 
Parrena  tank  has  never  held  its  water  more  than  a  few  days,  on 
account  of  having  a  gravel  stratum  at  the  bottom,  through  which 
the  water  filters  in  spite  of  all  the  tamping  and  puddling  which  the 
owners  have  done. 

These  simple  structures,  costing  about  $3000  apiece,  have,  in  the 
case  of  the  Esmeralda,  maintained  a  fair  supply  of  water  all  the  year 
round,  although  the  consumption  must  average  20,000  gallons  per 
day,  besides  leakage  and  the  evaporation  of  an  almost  unbroken 
succession  of  hot,  sunny  days  during  eight  months  of  the  year.  The 
water  thus  retained  becomes  in  a  short  time  of  a  dirty  green  color 
and  very  turbid,  but  no  vegetation  or  scum  accumulates  on  the  sur- 
face, nor  does  the  water  smell  badly  or  show  other  signs  of  putre- 
faction. It  cannot,  however,  be  a  wdiolesome  drinking-water,  and 
some  of  the  numerous  cases  of  "lead-colic"  among  workmen  in  the 
Esmeralda  smelters  and  mines,  may  be  due  rather  to  the  bad  quality 

*  Neitlier  of  tliese  estimates  is  made  from  any  accurate  measurement. 
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of  the  drinking-water.  The  offices  and  the  families  of  the  higlicr 
employees  are  snpplieil  with  water  bronght  from  the  town  and  drawn 
from  one  of  the  wells  mentioned  above. 

The  only  direct  indnstrial  use  for  the  tank-water  is,  at  present,  in 
the  boiler  of  the  engine  at  the  snielting-works,  for  which  it  is  fairly 
well  adapte<1,  as  the  deposit  which  it  leaves,  although  abundant,  is 
pulverulent  ami  not  a  hard  incrustation. 

It  has  l>een  fearetl  that  the  j>resent  tanks  will  not  prove  sufficient 
for  a  constant  supply  of  water  during  the  year,  in  case  of  the  erection 
of  water-jacket  furnaces;  but  it  is  not  likely  that  any  such  result  is 
to  be  feareil,  as  there  will  be  a  diminished  number  of  animals  em- 
ployed to  haul  away  the  lead-bullion  then  to  be  made,  instead  of 
the  large  number  used  to  haul  away  the  ore  now  being  sold. 

Should  there  be,  however,  fear  of  a  scarcity  of  water  from  the 
above  cause,  one  or  two  more  tanks  can  easily  be  made,  which  the 
rainfall  will  certainly  fill,  as  the  P^smeralda  tanks,  placed  one  above 
the  other,  at  the  distance  of  only  300  meters  apart,  are  soon  filled,  as  is 
also,  and  at  the  same  time,  the  Parreila  tank,  only  about  700  meters 
below,  eastward  of  the  two  just  mentioned.  Hence  there  is  every 
ground  for  believing  that  if  one,  or  two,  or  several  additional  tanks 
of  large  dimensions  should  be  made  in  the  valley,  the  rainfall  would 
he  sufficient  to  fill  them  all.  In  fact,  supposing  the  annual  avail- 
able rainfall  for  storage  purposes,  that  is  the  water  not  soaked  up  by 
the  eartii,  or  diverted  in  other  ways  from  the  ordinary  drainage- 
channels,  to  be,  in  the  valley  of  Sierra  Mojada,  only  three  centi- 
meters f  1  y\  inches),  over  an  area  of  five  kilometers  by  ten  kilometers 
m  miles  by  BJ  miles),  the  result  would  be  1,500,000,000  litres  of 
water,  equal  in  round  numbers  to  375,000,000  U.  S.  gallons.  As 
the  combined  storage-capacity  of  the  tanks  now  built  is,  by  our 
estimate,  less  than  20,000,000  gallons,  the  inference  is  obvious. 

Artesian  Wells. 

As  before  noted,  there  are  some  years  when  it  does  not  rain  at  all 
in  Sierra  Mojada,  and  the  water-supply  being  therefore  to  a  con- 
siderable extent  precarious,  the  question  of  boring  an  artesian  well 
has  been  agitated  by  the  parties  in  interest.  It  is  worth  while  to 
inquire  how  far  a  supply  of  water  may  reasonably  be  expected  from 
this  means  in  the  region  under  discussion,  and  under  what  circum- 
stances it  is  likely  to  be  obtained. 

The  theory  of  artesian  wells  supposes  a  region  of  rains  at  a  rela- 
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tively  high  level.  The  rainfall  of  such  a  region  is  absorbed  by  a 
permeable  stratum  of  rock,  so  placed  between  other  strata,  less  per- 
meable, that  beneath  the  surface  the  water  is  enclosed  on  all  sides, 
as  if  in  a  pipe,  of  small  dimensions  comparatively  in  one  direction, 
and  of  indefinitely  large  dimensions  in  a  direction  at  right  angles  to 
the  first.  Under  these  conditions  the  imprisoned  water  is  governed 
by  all  the  laws  of  hydraulics  governing  the  movement  of  fluids  in 
pipes,  although  its  flow  is  subject  to  a  higher  coefficient  for  friction 
and  resistance  than  in  pipes  of  other  materials. 

Tending  to  seek  the  lowest  level,  the  water  finds  its  way  down- 
ward along  the  dip  of  the  strata  until  it  arrives  at  some  point  where 
a  dislocation,  or  a  break,  or  a  cross-vein  or  dyke  gives  it  vent  and 
enables  it  to  bubble  forth  as  a  spring.  If  no  such  opening  is  found 
the  watei:  remains  in  the  rock  under  pressure ;  and  if  the  deposit  is 
tapped  by  a  boring  at  any  point,  the  water  will  rush  forth  through 
the  opening  if  made  sufficiently  below  the  level  of  its  source,  or  will 
rise  to  a  certain  height  in  the  bore-hole,  depending  upon  the  pres- 
sure behind  it  and  the  resistance  it  encounters  on  its  passage  through 
the  rocks. 

The  conditions  necessary  to  an  artesian  well  are,  then  :  a  rainy 
or  well-watered  region  of  supply  ;  a  permeable  stratum  of  rock,  out- 
cropping in  that  region,  to  absorb  the  water  which  falls  upon,  or 
runs  over,  its  outcrop,  and  conduct  it  between  other  and  imperme- 
able strata  to  the  point  where  an  artesian  well  is  desired  ;  and,  lastly, 
the  boring  must  be  properly  located  and  carried  deep  enough  to  tap 
the  water-bearing  stratum.  How  far  can  these  conditions  be  rea- 
sonably expected  to  be  filled  in  Sierra  Mojada,  and,  approximately, 
how  deep  will  it  be  necessary  to  bore  to  get  water,  if  they  are  ful- 
filled? 

The  Region  of  Supply. — On  looking  for  this  first  essential,  and 
considering  the  geography  of  this  part  of  Mexico  and  its  general 
geological  characteristics,  we  find  that  the  strike  or  direction  of  the 
stratified  rocks  and  the  trend  of  the  elevations  formed  by  their  up- 
heaval, is  approximately  from  southeast  to  northwest.  It  is  evi- 
dent, therefore,  that,  even  if  the  region  of  which  we  are  in  search 
existed  in  tiiose  two  quarters,  we  could  scarcely  expect  a  supply  of 
water  from  it,  since  the  line  of  descent  of  the  fluid  through  tiie 
enclosing  strata  is  not  along  the  strike  but  along  the  dip  of  the 
rocks,  and  hence,  at  right  angles,  more  or  less,  to  the  general 
direction  mentioned.  It  is,  therefore,  in  a  direction  at  right  angles 
to  the  general  strike  and  trend,  or  within  certain  limits  on  either 
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side  of  a  line  iVom  southwest  to  northeast,  passing  through  the 
valley  of  Sierni  Mojada,  that  we  must  seek  the  region  which  might 
afford  a  supi)ly  of  water  for  an  artesian  well ;  and  this  region 
must  be  more  elevated  than  Sierra  Mojada,  or  nearly  on  a  level 
with  it,  if  we  expect  a  flowing  well,  or  a  piezometric  level,  from 
which  it  will  be  practicable  to  pump  the  water.  The  altitude  of  the 
bottom  of  the  Sierra  Mojada  valley  is  1485  meters  above  sea-level, 
so  that  our  search  for  the  region  of  supply  is  still  further  restricted. 

Proceeding  from  Sierra  Mojada  toward  the  northeast,  we  en- 
counter a  mountainous,  broken  country,  with  the  general  trend  of 
the  elevations,  as  above  indicated,  until  arriving  at  the  liio  Grande 
(see  Map).  Xowhere  on  our  line,  as  above  indicated,  nor  near  it  on 
either  side  for  many  miles,  is  there  an  abundant  rainfall,  except  in 
occ;isional  seasons,  or  at  restricted  spots. 

The  region  is,  on  the  contrary,  a  conspicuously  dry  and  barren 
one„with  a  few  feeble  springs  of  water  at  long  intervals.  The  ele- 
vations of  the  valley-bottoms  are  lower  than  that  of  the  valley  of 
Sierra  Mojada,  while  the  existence  and  small  volume  of  the  springs 
above  alluded  to,  are  strong  evidences  thai:,  although  there  are 
permeable  strata  under  conditions  to  serve  as  a  conduit  for  subter- 
ranean waters,  yet  the  dislocations  of  the  strata  are  such  that  the 
included  water  finds  an  exit  at  not  very  long  distances  from  its 
place  of  entrance. 

Still  further  northeast  along  our  line,  we  have  the  Rio  Grande 
river,  the  boundary  between  the  United  States  and  Mexico,  the 
main  drainage-channel  of  this  section  of  country  ;  hence,  much  lower 
than  any  of  the  tributary  valleys.  The  elevation  above  sea-level  of 
the  surface  of  the  Rio  Grande,  on  our  northeast  line  from  Sierra 
Mojada,  is  about  300  meters  ;  hence,  this  stream  cuts  off  all  water- 
bearing strata  at  a  higher  elevation  that  could  come  from  farther 
northeast,  and  renders  it  impossible  that  lower  ones  should  pass  it, 
unless  at  a  depth  of  about  1300  meters  below  the  level  of  Sierra 
Mojada.  This  latter  distance  exceeds  the  general  estimate  of  the 
depth  of  the  visible  strata  along  our  northeast  line ;  and  it  might 
be  possible  for  a  water-bearing  stratum  to  pass  at  that  depth ;  but 
the  elevations  on  the  Texas  side  are  low,  and  any  formation  from 
there  must  necessarily  dip  toward  Sierra  Mojada  to  act  as  a  water- 
carrier,  and  would  be  at  an  altogether  inaccessible  depth  by  the  time 
it  got  under  the  valley.  There  is,  however,  no  necessity  of  consid- 
ering this  possibility,  since  we  know  that  before  reaching  the  Rio 
Grande  on  the  line  we  have  followed  from  Sierra  Mojada,  the  deeper 
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formations  come  to  the  surface  along  a  line  of  disturbance  at  right 
angles  to  our  line  of  observation,  and  thus  effectually  cut  off  any- 
deep  water-bearing  strata  which  might  exist. 

Having  thus  run  our  water-bearing  stratum  literally  "  into  the 
ground  "  in  a  northeasterly  direction,  let  us  start  again  from  Sierra 
Mojada,  and  go  southwest. 

Passing  in  the  above  direction  over  the  summits  of  the  mountain 
chains  which  environ  our  starting-point,  we  then  cross  a  succession 
of  mountains  and  valleys  of  lower  altitude,  until  at  last  we  emerge 
into  the  vast  central  valley  or  plateau,  trending  generally  from 
southeast  to  northwest,  along  which  the  Mexican  Central  Railroad 
pursues  its  sinuous  way  to  the  city  of  Mexico.  Our  southwest  line 
crosses  the  rails  at  or  near  the  station  of  Zevalza  at  an  elevation  of 
1200  meters  above  sea-level. 

At  Lerdo,  a  station  on  the  railroad,  145  kilometers  (90J  miles) 
to  southeast  of  Zevalza,  and  at  Mapimi,  another  station,  106  kilo- 
meters {QQ^  miles),  also  to  southeast  of  Zevalza,  the  elevation  is 
1136  meters  above  sea-level,  while,  at  a  "  summit"  on  the  railroad, 
45  kilometers  (30|  miles)  northwest  of  Zevalza,  the  elevation  is  1440 
meters,  and  at  Jimenez,  68  kilometers  (42^  miles)  northeast  of  Ze- 
valza, the  elevation  is  1350  meters.  Lerdo  and  Mapimi  are  in  the 
"  Laguna  Country,"  a  low- lying  section  which  is  the  drainage-sump 
for  a  wide  extension  of  country  into  which  sink  the  waters  of  two 
good-sized  rivers,  coming  from  northwest  and  southeast,  the  drain- 
age channels  of  the  eastern  flank  of  a  part  of  the  great  Cordillera 
which  lies  west  of  the  central  plateau.  The  axis  of  this  low-lying 
region  crosses  the  railroad  at  Lerdo,  and,  trending  off  about  north- 
' northeast,  crosses  our  line  from  Sierra  Mojada,  a  few  miles  northeast 
of  Zevalza  station.  The  length  of  this  drainage-sump  is  about 
250  kilometers  from  southeast  to  northwest,  and  its  breadth  about  40 
kilometers  in  a  line  at  right-angles  to  the  preceding  one. 

As  the  railroad  would  be  likely  to  hunt  the  lowest  available 
points  of  the  valley,  we  may,  I  think,  accept  the  above  elevations  as 
representing,  within  a  few  meters,  which  can  make  no  difference  to 
our  present  estimate,  the  elevations  of  the  bottom  of  this  central 
valley;  and  the  elevations  of  Lerdo  and  Mapimi  will  be  nearly  those 
of  the  axis  of  the  drainage-sump  where  it  crosses  our  line  of  explo- 
ration, back  of  Zevalza  station.  The  distance  of  Zevalza  from 
Sierra  Mojada,  on  the  air-line  we  have  followed,  is  about  120  kilo- 
meters (75  miles). 

Still   proceeding  south  westward,  we  begin  to  ascend  again,  soon 
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find  oui"selves  among  the  foot-hills,  then  upon  the  eastward  slopes 
of  a  groat  cordillera,  and,  still  ascending,  will  reach,  at  an  elevation 
of  from  2500  to  3500  nietere,  the  snnimits  of  the  Sierra  Madre  of 
Mexico,  the  southern  continuation  of  the  Western  Rockies. 

We  are  now  in  the  State  of  Durango,  about  370  kilometers  (231 J 
miles)  southwest  of  Sierra  Mojada,  and  have  reached  at  last  the 
elevated  region,  from  which  wc  may  look  for  our  supply  of  subter- 
ranean water  at  Sierra  Mojada,  either  directly,  as  through  a  contin- 
uous water-bearing  stratum,  passing  from  the  slope  of  the  Sierra 
Madre,  to  a  point  below  the  valley  of  Sierra  Mojada,  or  indirectly,  by 
the  drainage  of  the  mountain  chain,  finding  its  way  by  surface- 
channels  into  the  great  sink  we  have  mentioned,  and  thence  by  un- 
derground channels  to  beneath  the  same  region. 

Our  southwesterly  line  of  exploration,  continued  down  the  western 
slope  of  the  Sierra  Madre,  passes  about  60  kilometers  (37|  miles) 
north  of  San  Dimas  (a  mining  town,  where  I  once  had  the  pleasure 
of  vegetating  during  the  greater  part  of  three  years),  and  reaches  the 
Pacific  Ocean,  not  far  north  of  the  port  of  Mazatlan,  at  an  air-line 
distance  from  Sierra  Mojada  of  540  kilometers  (337^  miles). 

The  Sierra  Madre  is  particularly  well-watered.  Its  slopes  ter- 
minate, in  many  parts  of  the  region  we  have  under  consideration, 
with  immense  mesas  (table-lands),  at  altitudes  of  2700  meters  and 
upward,  which  are  covered  with-  dense  forests  of  pine  and  other 
hardy  trees.  The  mesas  abound  with  springs  and  running  streams, 
and  all  down  the  slopes  of  the  cordillera,  particularly  on  the  western 
side,  water  is  found  in  abundance.  During  the  hot  months  of  the 
year,  the  clouds  formed  by  evaporation  from  the  Pacific  Ocean 
and  Gulf  of  California  hang  around  the  higher  parts  of  the  Sierra, 
and  deposit  their  moisture  upon  the  cooler  mountain  sides  in  the 
form  of  rain. 

The  rainy  season  lasts  from  June  to  October,  and  the  amount  of 
water  that  falls  from  that  period  is  almost  beyond  belief.  When 
the  temperature  of  the  Sierra  rises,  as  it  begins  to  be  warmed  up 
after  some  months  of  hot  weather,  the  clouds  are  no  longer  cooled 
sufficiently  to  deposit  their  moisture,  and  there  are  several  months 
of  clear  weather.  During  the  latter  part  of  January  and  the  begin- 
ning of  February  the  influence  of  winter  in  more  northern  regions 
is  somewhat  felt  even  thus  far  south  (latitude,  24°  N.);  the  chilly 
north  winds  cool  the  summits  of  the  cordillera  and  there  is  a  short 
rainy  season  of  a  week  or  two,  producing  sudden  floods  and  general 
destruction.  This  supplementary  rainy  season  is  more  dangerous 
vol..  XV.— 37 
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than   the  ordinary  one,  because  the  volume  of  water   which   falls 
within  a  limited  time  is  very  great. 

In  view  of  the  above  facts,  we  may,  I  .think,  accept  it  as  tolerably 
■well  proven  that  the  Sierra  Madre  range  is  capable  of  supplying 
abundantly  the  water  needed  for  an  artesian  well  in  Sierra  Mojada, 
and  that  it  is  the  only  region  within  any  reasonable  distance  of 
Sierra  Mojada  from  which  such  a  supply  can  be  expected. 

The  3Iodes  of  Conveyance. — As  observed  in  the  earlier  part  of  this 
paper,  the  rocks  of  Sierra  Mojada  are  of  the  later  formations,  perhaps 
as  late  as  Cretaceous  ;  hence,  while  we  do  not  positively  know  of  the 
complete  absence  of  these  later  strata  from  the  higher  part  of  the 
flanks  of  the  Sierra  ISIadre,  yet  we  do  know  that  even  if  they  should 
exist  in  that  situation  they  could  not  possibly  be  the  carriers  of 
water  we  are  looking  for,  because  it  is  precisely  these  strata  which 
are  upheaved  and  dislocated  across  the  line  along  which  our  water 
must  travel.  Between  the  Sierra  Mojada  and  the  great  central  val- 
ley, there  are  several  lines  of  mountains  nearly  at  right  angles  to 
our  imaginary  line  of  exploration  ;  each  mountain  chain  has  its  val- 
ley separating  it  from  the  next  chain;  most  of  the  valleys  are  like 
that  of  Sierra  Mojada,  erosions  along  anticlinals,  and  each  one  of 
them  is  a  new  proof  of  dislocation  or  upheaval  and  bears  against  the 
possibility  of  there  being,  in  the  strata  thus  upheaved,  any  water- 
conduit  to  Sierra  Mojada.  Nor  must  we  fail  to  remember  that  a 
break  along  an  anticlinal  is  likely  to  extend  very  much  deeper  than 
that  visible  part  of  it  which  forms  or  has  been  eroded  into  a  valley, 
and  that  none  but  strata  entirely  below  this  break  can  possibly  be 
continuous  enough  for  the  conveyance  of  water.  We  must,  there- 
fore, look  to  older  and  deeper  strata  for  the  water-carrying  one  we 
need. 

As  to  the  existence  of  such  strata  in  the  place  whence  the  water 
is  to  come,  that  is,  on  the  slopes  of  the  Sierra  Madre,  we  have  the 
testimony  of  a  most  competent  geologist  and  mining  engineer,  D. 
Federico  Weidner,  whose  map  of  the  State  of  Sinaloa,  published  in 
1882,  shows  that  Silurian  and  Devonian  rocks  are  found  on  the 
western  slope  of  the  Sierra  Madre,  at  altitudes  of  1500  meters  and 
upward,  a  statement  which  my  own  observations  confirm  at  the 
points  where  my  travels  have  extended.  I  can  testify  also  to  the 
existence  of  the  same  formations  on  the  eastern  slope,  which  is  not 
included  in  Weidner's  map.  These  rocks  comprise  slates,  sandstones, 
quartzites,  limestones,  and  dolomites;  and,  while  we  have  no  posi- 
tive evidence  on  this  point,  it  is  not  unreasonable  to  suppose  that 
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amonc:  the  series  will  be  found  some  permeable  beds  capable  of  act- 
ing as  absorbers  and  conveyors  of  the  water  which  falls  npon  or 
flows  across  their  outcrops 4ind  exposures. 

It  is  evident,  however,  that  the  distance  (from  200  to  250  miles) 
from  the  Sierra  Madre  to  Sierra  Mojada  is  an  important  factor  in 
this  problem.  The  rocks  which  enclose  any  permeable  stratum  are 
never  absolutely  impermeable,  and  the  loss  of  water  by  leakage  from 
the  conduit  must  increase  rapidly  with  the  depths  of  the  rocks  be- 
low the  source  of  supply  and  their  distance  therefrom.  Of  course  we 
suppose  our  stratum  to  be  a  tube  continually  full  of  water,  nearly  or 
quite  up  to  the  source  of  supply,  which  is  the  only  condition  upon 
which  we  can  expect  a  flowing  artesian  well  or  one  in  which  the 
water  will  prove  available  for  any  industrial  purposes,  since,  with- 
out pressure  behind  it,  enough  water  would  not  flow  into  a  bore-hole 
of  any  practicable  size  to  make  it  worth  opening. 

Besides  losses  by  absorption  and  percolation,  there  are  almost  al- 
ways cracks  and  cross-courses  in  the  most  homogeneous  rocks  which 
let  out  some  water,  or  may  divert  the  whole  of  it ;  and  if  the  chances 
of  any  such  accident  occurring  within  fifty  miles  from  the  point  of 
supply  be  represented  by  one,  the  chances  of  its  occurring  within  250 
miles  will  be  represented  by  five  or  even  more,  if  any  dislocations 
can  be  observed  in  the  interval.  We  have  now,  however,  to  do  with 
deep-lying  rocks,  the  dislocations  of  which  are  not  visible  on  the 
surface,  and  we  must  assume  that  they  are  practically  continuous  to 
Sierra  ^lojada,  so  far  as  any  of  the  greater  disturbances  are  con- 
cerned. 

Such  being  the  case,  and  with  a  practically  unlimited  supply  of 
water,  such  as  we  have  from  the  rainfall  upon  the  Sierra  Madre,  the 
distance  between  the  points  of  absorption,  and  of  discharge,  will 
make  no  difference,  except  from  the  increased  resistance  of  so  long  a 
conduit,  and  the  loss  of  head  due  thereto. 

It  is,  therefore,  not  theoretically  impossible  that  a  supply  of  water 
can  be  obtained  in  Sierra  Mojada,  from  the  source  under  discussion, 
by  conveyance  through  a  permeable  stratum  of  rock,  although  prac- 
tically, the  chances  are  at  least  five  to  one  against  it. 

Returning  to  the  Sierra  Madre,  and  examining  its  surface-drainage, 
by  the  aid  of  a  map,  we  find  that  all  of  that  portion  of  it  near  our 
southwest  line  of  exploration,  is  drained  by  the  river  Nazas.  This 
river  rises  in  the  foothills  of  the  Sierra,  at  a  point  about  50  kilo- 
meters (31^  miles)  to  northwest  of  our  exploratory  line.  Thence  it 
flows  to  southeast  for  a  distance  of  about  160  kilometers  (100  miles j, 
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then  makes  a  right-angle  bend,  and  flows  northeast  90  kilometers 
(56J  miles),  and  terminates  in  the  midst  of  the  drainage-sump  we 
have  already  described. 

Coming  from  the  southwest,  the  river  Aguanaval,  about  160 
kilometers  (100  miles)  long,  also  empties  into  a  part  of  the  same  sink, 
and,  away  off  to  northwest,  at  its  upper  extremity,  the  maps  show  it 
to  receive  another  stream,  of  considerable  size,  which  is  supplemented 
by  several  tributaries,  not  large  enough  to  be  noticed  by  geographers. 
This  district,  which  receives  so  much  water,  shows  few  signs  of  its 
presence  upon  the  surface.  The  soil,  though  rich  in  fertile  elements, 
is  dry  and  arid,  and  the  country  remains  a  sandy  desert,  until  the 
magic  work  of  irrigation  makes  it  blossom  like  the  rose.  We  have 
seen  that  thedimensionsoftlie  sump  are  very  great,  and  undoubtedly 
there  would  be  a  large  evaporation  from  its  surface,  but  even  were 
the  water  to  remain  a  very  long  distance  underground,  it  would  creep 
upward,  and  before  it  could  vaporize  entirely,  it  would  give  life  to 
plants.  As  nothing  of  this  kind  happens,  we  must  conclude  that  the 
water  finds  some  subterranean  outlet,  and  that  this  outlet,  whether  it 
be  a  permeable  stratum  or  a  more  open  channel,  may  possibly  pass 
under  Sierra  Mojada,  and  might  furnish  the  supply  for  an  artesian 
well.  There  is,  however,  a  large  and  mysterious  outburst  of  subter- 
ranean water  at  Cuatro  Cienegas,  a  point  about  170  kilometers  (106 
miles)  northeast  of  the  middle  point  of  the  drainage-sump,  and 
about  400  meters  below  its  level,  which  I  am  inclined  to  think  is  the 
discharge  of  the  waters  of  the  rivers  above  mentioned,  and,  if  such  is 
the  case,  it  would  evidently  be  in  vain  to  look  for  them  under  Sierra 
Mojada. 

Depth  and  Location  of  the  Bore-hole. — An  estimate  of  the  depth 
at  which  any  water-bearing  stratum  must  lie  under  Sierra  Mojada, 
if  it  exists  at  all,  can  be  readily  made  by  a  comparison  of  some  of 
the  data  already  determined.  I  have  given  the  elevations  along 
the  Mexican  Central  Kailroad,  as  before  noted,  and  approximately 
those  of  the  axes  of  the  great  sink,  to  which  I  have  several  times 
alluded. 

It  would,  I  think,  be  very  much  within  bounds,  to  assume  that 
any  water-hearing  stratum  from  the  Sierra  Madre  must  pass  at  least 
300  meters  below  the  surface  of  liiis  sink,  and  that,  therefore,  under 
the  Mexican  Central  Railroad  such  a  stratum,  if  it  exists  at  all,  would 
be,  at  most,  800  meters  above  the  sea  level.  The  horizontal  dis- 
tance from  the  railroad  to  the  1500-foot  contour  on  the  eastern  slope 
of  the  Sierra  Madres  is  about  200  kilometers  (125  miles),  so  that  if 
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the  water-hear i Hi;  stratum  !?lionl(l  liave  its  absorbing  outoroj)  at  or 
near  that  elevation,  it  would  fall  700  meters  in  the  above  distanee, 
on  a  slope  of  3.o  meters  per  kilometer  (18.5  feet  per  mile),  or  0.35 
j")er  eent.  Supposing-  it  to  dip  eastward  from  the  railroad  with  a 
less  inclination,  say  2  meters  per  kilometer  (10.6  feet  per  mile),  or 
0.2  per  cent.,  it  would,  under  Sierra  Mojada,  120  kilometers  (75 
miles)  away,  have  an  elevation  above  sea  level,  of  only  5G0  meters. 
As  we  have  already  noted,  the  elevation  of  Sierra  Mojada  is  1485 
meters,  so  that  any  water-bearing  stratum  from  the  Sierra  Madre 
must  lie  at  the  depth  of  925  meters  (3034  feet)  below  the  level  of  the 
town.     This  is  indicated  on  tiie  ideal  section  shown  in  Fig.  5. 

Even  if  we  suppose  that  there  might  be  a  water-bearing  stratum, 
having  its  origin  in  the  great  sink  of  the  Laguna  Country  just  de- 
scribe<l,  its  point  of  origin  there  could  scarcely  be  higher  than  1000 
meters  above  sea-level,  156  meters  below  the  average  surface-levels 
of  that  region  ;  and  supposing  it  to  slope  to  eastward  with  the  same 
inclination  of  2  meters  per  kilometer,  it  would  arrive  under  Sierra 
Mojada  with  an  elevation  of  760  meters,  and  would  then  be  688 
meters  (2256  feet)  below  the  town. 

It  is  probable  that  the  water,  in  passing  through  the  rock-strata 
for  such  long  distances  (75  miles  in  one  instance,  200  miles  in  the 
other),  would  lose  the  greater  part  of  its  head  ;  and  that  at  Sierra 
Mojada  it  would  rise  only  a  comparatively  short  distance  in  the  bore- 
hole, and  stand,  in  case  of  the  deeper  hole,  at  about  500  meters 
(1600  feet),  and  in  the  more  shallow  hole  at  about  600  meters  (1900 
feet)  from  the  surface.  Consequently,  the  water  would  have  to  be 
pumped  up  from  these  depths  to  the  surface. 

So  far  as  the  pending  general  discussion  is  concerned,  it  could 
make  no  difference  at  what  point  in  the  Sierra  Mojada  valley  an 
experimental  bore-hole  were  located,  since,  theoretically,  we  are  as 
likely  to  strike  water  in  one  place  as  in  another.  Practically,  how- 
ever, it  would  be  desirable  to  avoid  the  anticlinal  fracture,  which 
must  extend  nnder  the  valley,  and  this  will  be  most  likely  to  be 
done  by  locating  the  borehole  as  far  as  possible  on  the  south  side  of 
the  center-line  of  the  valley,  at  any  point  between  the  Esmeralda 
tanks  and  the  town  proper,  that  might  be  most  convenient,  in  the 
utilization  of  the  water. 

From  the  foregoing  argument,  it  may,  I  think,  be  safely  concluded, 
that  there  is  only  a  remote  possibility  of  securing  water  in  Sierra 
Mojada  by  boring;  that  if  encountered  at  all,  it  would  be  at  great 
depths,  and  would  have  to  be  pumped  to  the  surface  ;  and  that  the 
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probabilities  of  the  case  do  not  warrant  the  expensive  experiment  of 
an  arte^ian  well.  The  discussion  has  been  given  here  at  some  length, 
because  it  is  more  or  less  applicable  to  other  Mexican  districts,  sim- 
ilarly situated. 

Fuel. 

Two  kinds  of  vegetable  fuel  are  now  used  in  Sierra  Mojada,  char- 
coal for  the  upright  furnaces,  and  wood  for  the  serpentones.  They 
are  brought  to  camp  from  25  to  30  miles  away,  by  the  teams  which 
haul  ore  and  lead  to  the  railroad  stations,  on  their  return  trips.  The 
charcoal  is  paid  for  at  the  rate  of  16  cents  per  arroba  of  25  lbs.,  equal 
to  $12.80  Mexican,  per  ton,  and  the  wood  at  75  cents  per  carga  of 
300  lbs.,  equal  to  S8.00  per  ton.  The  charcoal  is  of  poor  quality, 
containing  an  undue  proportion  of  smalls,  dirt,  dust,  and  brands; 
and  the  wood  is  from  small  trees,  with  a  large  preponderance  of 
branches,  and  little  solid  wood.  Coke  and  coal  can  be  laid  down  at 
the  works  in  Sierra  ^Nlojada,  for  not  over  $30.00  Mexican,  per  ton, 
and  must  soon  be  used,  since  the  price  of  the  vegetable  fuels  is 
rising. 

If  the  present  upright  furnaces  and  serpentones  were  lined  with 
good  fire-brick,  and  a  rational  smelting  mixture  were  adopted,  con- 
taining a  due  amount  of  silica,  mineral  fuels  could  be  used  to  advan- 
tage, with  a  great  reduction  in  the  cost  of  smelting. 

Modes  of  Communication. 

The  outlets  from  Sierra  Mojada  are  through  Escalon  station  on 
the  Mexican  Central  Railroad  and  Monclava  on  the  Mexican  Inter- 
national Railroad. 

The  roads  to  both  are  bad,  being  scantily  supplied  with  water,  and 
the  freight  is  high.  To  Monclova,  264.5  kilometers  (165.3  miles) 
eastward,  the  teamsters  charge  $16.65  Mexican  per  ton,  and  to  Esca- 
lon, which  is  by  the  road  168  kilometers  (105  miles)  westward,  they 
charge  813.33  Mexican  per  ton.* 

The  increasing  business  of  the  camp  renders  a  railroad  highly 
necessary  to  its  prosperity,  and  it  seems  probable  that  capital  in- 
vested in  this  way  would  be  sure  of  a  good  return. 

The  nearest  point  on  the  Mexican  Central  Railroad  is  only  dis- 
tant ]  10  kilometers  or  .say  70  miles,  in  an  air-line;  but  in  order  to 
get  a  reasonable  grade  it  would  probably  be  necessary  to  construct 

*  Rnialon  station,  which  has  no  trade  except  from  Sierra  Mojada,  is  said  to  be  tlie 
second  largest  shipping  point  on  the  Mexican  Central  K.  R.,  January,  1887. 
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about  85  miles  of  railroad.  The  graver  difficulties  to  be  overcome 
all  lie  in  the  first  25  miles,  which  include  the  passage  of  the  Sierra 
Mojada.  This  range  once  crossed,  a  line  can  be  found  with  little 
costly  work,  either  of  cuttings,  embankments  or  bridges,  down  to 
the  railroad. 

The  necessities  of  the  case  will  confine  the  railroad-builders  to  a 
line  of  minimum  first  cost,  therefore  of  narrow  gauge;  because  the 
charges  of  transshipment  at  the  connection  will  be  but  trifling  on  the 
comparatively  small  amount  of  freight  to  be  handled  as  against  the 
interest  and  depreciation  on  the  difference  in  cost  between  the 
narrow-  and  a  standard-gauge  road.  I  therefore  estimate  on  a  road 
of  60  centimeters  (2  feet)  gauge.  The  construction  and  equipment 
of  such  a  railroad  as  above  described  will  cost  not  over  $10,000 
Mexican  per  mile,  or  for  85  miles,  $850,000  Mexican.  Upon  this 
sum  the  net  yearly  earnings  to  cover  interest  and  provide  a  sinking 
fund  should  be  about  20  per  cent.  (10  per  cent,  interest,  10  per  cent, 
for  sinking  fund),  or  $170,000,  because,  since  the  railroad  will  not  be 
a  trunk-line  of  permanent  value,  but  only  an  accessory  to  a  mining 
region  which  must  in  time  be  exhausted,  we  cannot  consider  that  the 
enterprise  will  begin  to  yield  what  may  be  called  an  absolute  profit 
until  the  original  capital  has  been  fully  repaid. 

The  present  average  weekly  movement  of  freight  at  Sierra  Mojada 
is  as  follows,  exclusive  of  the  fuel  now  used. 

Tons. 

Outward  |  ^'^^  ^"^'^  ^"*^  ^^"^  ^^^^' ^^^ 

<-  Lead  bullion  exported,       ......     250 

(Materials  of  all  kinds  for  mining:  steel,  powder,  tim- 
ber, etc.,         ........       15 
Provisions  of  all  kinds, 60 

In  addition  there  will  soon  be  required  per  week  coal  and  coke 
about 140 

Total, 765 

Or,  in  round  numbers,  110  tons  of  freight  daily.  It  may,  I  think, 
be  safely  predicted  that  on  the  establishment  of  the  railway,  or 
within  a  short  time  thereafter,  the  daily  freight  will  be  not  less  than 
200  tons.*  There  will  probably  also  be  at  least  15  passengers  each 
way  daily.  A  charge  of  six  cents  per  ])assenger  per  mile,  or  $5.10 
for  the   whole  85  miles  of  road,  and   the  same  amount  per  ton  of 

*  There  are  several  mining  companies  in  Sierra  Mojada  that  do  not  work  their 
mines  on  account  of  the  scarcity  of  water,  a  want  which  the  railroad  could  at  once 
supply  as  there  is  a  large  spring  near  where  the  line  would  have  to  pass  in  tiie  lower 
plains.     This  of  itself  would  be  a  considerable  source  of  revenue  to  the  railroad. 
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freiglit  the  s>nnie  distance,  neither  of  which  can  be  called  high  charges 
under  the  circumstances,  would  make  the  earnings  as  follows: 

Two  humlmi  tons  of  freisrhf  daily  at  $0.10  per  toil,    .         .     ?  1020  00 
Thirty  passengers  daily  at  ?o.lO  each,        ....         153  00 

Total  daily  receipts ?1173  00 

Total  daily  expenses,  estimated  at  40  per  cent,  of  the  re- 
ceipts, which  is  eqnivalent  to  $"2015  per  mile  of  road  per 
annum,  or  $1.38  per  train-mile  (allowing  two  trains  each 
way  per  day), $469  20 

Net  daily  earnings, ?703  80 

Or,  ?256,SS7  for  the  year. 

Deducting  from  the  yearly  earnings,  $85,000,  or  10  per  cent,  in- 
terest on  the  first  cost  of  the  road,  there  \vould  be  left  for  our  sink- 
ing fund,  §171. 887  per  annum,  sufficient,  if  properly  handled,  to  pay 
off  the  capital  invested  within  five  years. 


"Work  and  Wages. 

As  has  been  before  noted  in  this  paper,  the  cost  of  labor  in  Sierra 
Mojada  is  high  compared  with  that  in  older  mining  camps  in  Mexico. 

In  Zacatecas,  for  example,  a  native  mining  captain,  of  the  very 
best,  gets  only  from  SI 5  to  $20  per  week,  while  in  Sierra  Mojada 
about  S30  is  paid  to  the  same  class.  Skilled  miners  and  timbermen 
command  in  Zacatecas  from  75  cents  to  $1.00  per  day,  while  in  Sierra 
Mojada,  working  by  contract,  they  earn  from  $1.50  to  $2.25  per  day, 
and  are  seldom  paid  less  than  $1.50  per  day  as  wages.  Common 
peones  or  ore-carriers  get  in  Sierra  Mojada  75  cents  and  $1.00  per 
day,  as  against  37|  to  50  cents  paid  elsewhere,  and  the  sniallest  boy 
who  works  at  all  gets  37^  cents  daily.  Nor  can  this  difference  be 
due  to  the  cost  of  living,  which  I  believe  is  no't  greater  than  in  Za- 
catecas. It  is  a  fact,  that  I  and  others  found  it  cheaper  to  live  in 
Sierra  Mojada  than  in  the  city  of  Saltilio,  although  this  was  partly 
due  to  the  fact  that  our  appetites  were  better  and  our  tastes  less  fas- 
tidious. 

The  hours  of  labor  in  Sierra  Mojada  are  very  short.  The  greater 
part  of  the  miners  work  only  from  6  a.m.  to  2  or  3  p.m.  Moreover, 
the  week  is  cut  off  at  both  ends  ;  for  they  only  go  up  for  real  work 
on  Tuesday  (Monday  being  appropriated  to  a  few  hours'  work  to  get 
out  samples  for  the  assay  of  the  different  stopes),  and  they  leave  off 
on  Saturday  at  noon.     The  work  of  the  smelters  has,  of  course,  to 
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go  on  continually.  This  work  is  greatly  disliked  by  everybody ; 
and  to  procure  men  for  night  and  Sunday  labor  at  the  Esmeralda 
works  it  is  necessary  to  resort  to  impressment.  The  laborers  are 
hunted  up  by  special  policemen  in  the  company's  employ  and  es- 
corted to  the  works  under  guard.  The  guard,  however,  is  not 
mounted  during  the  shift;  since  the  men,  once  at  the  works,  make 
the  best  of  a  bad  job  and  work  willingly. 

The  Esmeralda  people  have  a  strong  hold  on  their  men,  since  all 
the  miners  and  workmen  live  on  the  company's  ground,  close  to  the 
tanks,  and  any  person  idle  without  just  cause  is  refused  water.  The 
nearest  water  is  three  miles  off  and  costs  6 J  cents  a  backet;  so  that 
the  most  obstinate  malingerer  either  works  or  moves  away. 

The  climate  is  very  healthy,  and  diseases  of  any  kind,  except  lead- 
poisoning,  are  almost  unknown.  The  Esmeralda  people  maintain  a 
doctor  for  the  purpose  of  attending  any  accidents  in  the  mines  and 
for  the  treatment  of  the  lead-poisoned.  This  functionary  is  paid 
$80  a  mouth  with  the. liberty  of  charging  for  the  medicines,  and  of 
taking  outside  practice.  He  is  not  overburdened  Avith  work  or 
wealth,  and  says  that  it  is  almost  in  vain  to  hope  for  a  chance  to 
make  the  graveyard  more  populous. 

Prospects  for  the  Future. 

As  already  noted,  the  presence  of  copper-ores  in  the  western  part 
of  the  Sierra  Mojada  deposit  is  soon  followed  by  the  termination  of 
the  bed  in  that  direction  ;  and  it  is  not  unreasonable  to  infer  that, 
in  like  manner,  the  appearance  of  copper-bearing  ores  in  the  eastern 
part  of  the  deposit,  at  points  some  5  kilometers  (2f  miles)  from 
where  they  are  first  seen  on  the  west,  announces  the  termination  of 
the  deposit  to  the  east. 

From  the  mineralogical  character  of  the  deposit,  and  from  its 
mode  of  arrangement  and  the  character  of  the  rocks  in  which  it  is 
enclosed,  we  may  conclude  it  to  be  the  filling  by  aqueous  agencies 
of  vast  caverns  in  the  enclosing  rocks,  or  the  formation  by  gradual 
replacement  of  an  ore-body  resembling  such  fillings — in  either  case 
producing  a  mass,  which  originally  tapered  to  an  edge  and  disap- 
peared in  all  directions  parallel  to  the  planes  of  stratification  of  the 
limestone  formation.  Part  of  this  enclosed  mass  was  carried  away 
by  the  erosion  which  formed  this  valley,  and  the  part  on  which  work 
is  now  done  is  more  or  less  wedge-shaped.  From  the  analogy  of 
this  with  other  deposits  of  the  same  kind,  we  may  infer  that  its  com- 
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plete  exhaustion  is  only  a  question  of  time,  that  it  will  be  likely  to 
be  abrupt,  and  that  the  deposit,  may  not  have  a  continuation  or  a 
duplicate;  so  that  practically  we  are  restricted  in  our  estimates  to 
what  ore  is  in  sight,  or  to  what  may  be  within  a  very  limited  dis- 
tance ot"  present  actual  explorations. 

There  is  no  reason  to  infer  from  anything  known  up  to  the  present 
time  that  the  deposit  extends  to  a  depth  of  more  than  150  meters, 
measured  along  the  dip,  from  the  outcrop.  We  may  suppose  it  to 
be  available  for  working  for  a  length,  measured  on  the  outcrop,  of 
4  kilometers  (2 J  miles),  with  an  average  thickness  of  3  meters,  and 
to  the  above  depth.  Assuming  the  specific  gravity  of  the  vein- 
matter  to  average  2.50,  the  body  would  contain  approximately  3,000,- 
000  tons  of  vein-matter.  If  one-third  of  this  be  ore  with  20  ounces 
of  silver  per  ton  and  35  per  cent  of  lead,  there  would  be  1,000,000 
tons  of  ore,  which,  if  treated  at  the  uniform  rate  of  1200  tons  per 
week,  would  take  about  seventeen  years  for  its  complete  exhaustion. 

This  is  but  a  rough  calculation  ;  but  it  is  safe  to  say  that,  as  far 
as  known  at  present,  this  ore-deposit  will  not  last  over  twenty  years, 
and  (since  we  can  make  no  estimate  of  the  quantity  of  ore  already 
removed  or  altogether  lost  by  bad  working)  may  be  exhausted  in 
ten  years.* 

Discussion, 

J.  X.  JuDSON,  St.  Louis,  Mo.  (Communicated  to  the  Secretary) : 
Having  lived  at  Sierra  Mojada  six  years  as  the  owner  of  the  Vol- 
can  Mine,  which  was  the  third  in  the  camp  in  order  of  productive- 
ness, I  am  familiar  with  the  subject  of  Mr.  Chism's  paper,  and  I 
think  he  does  injustice  to  the  Mexican  smelters,  particularly  with 
regard  to  their  practice  with  the  serpenton.  Mexicans  are  not  fools, 
and   the  cost  per  ton  of  ore  smelted  in  the  serpenton  certainly  need 

*  If  the  above  1 ,000,000  tons  of  ore  were  treated  by  the  old  process  now  in  use, 
the  production  of  the  341,000  tons  of  lead  bullion  from  it  would  cost  |19,870,000; 
by  the  use  of  water-jacket  furnaces  this  cost  would  be  reduced  to  $11,150,000,  a 
saying  of  $8,720,000.  If  all  of  this  lead  bullion  were  sent  to  Escalon  Station,  pay- 
ing $13.33  per  ton  for  freight  to  that  point,  as  at  present,  the  cost  would  be  $4,550,- 
000  in  round  numbers,  while  the  transfer  of  the  same  by  railroad,  at  the  rate  of 
$0.10  per  ton  to  the  Central  road,  would  only  cost  $1,739,000,  a  saving  of  $2,811,- 
000.  The  total  economy  in  making  and  transporting  the  lead  bullion  by  modern 
methods  would  be  nearly  $14,000,000.  This  is  a  striking  commentary  on  the  value 
of  modem  methods  in  a  Mexican  mining  camp. 
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not  be,  and  is  not  in  skilful  Mexican  hands,  as  great  as  Mr.  Chisra 
estimates  it  to  be.  It  must  be  remembered  that  lead  is  valueless  at 
Sierra  Mojada,  and  the  purpose  of  the  serpenton  is  to  produce  a  slag 
high  in  lead,  and  consequently  very  fusible,  permitting  a  large  daily 
j^roduct.  It  is  found  necessary  to  reduce  to  the  metallic  state  a  small 
percentage  only  of  the  lead  in  the  ore  in  order  to  save  the  greater 
part  of  the  silver.  Besides  the  gain  in  the  quantity  smelted,  there 
is  a  saving  of  cost  in  cupelling  the  smaller  amounts  of  lead.  Where 
lead  is  valueless  this  is  true  economy.  We  used  to  smelt  50  cargas 
(instead  of  20,  as  allowed  by  Mr.  Chisni)  per  day  of  24  hours.  The 
slags  contained  30  per  cent,  of  lead,  and  3  to  4  ounces  Troy  of  silver 
per  ton.  The  cost,  under  proper  management  of  the  furnace,  did 
not  exceed  $7  per  ton. 


MEXICAN  WEIGHTS  AND  MEASUBES, 

BY  RICHARD  E.   CHISM,   SIERRA  MOJADA,   MEXICO. 

(Correction  of  a  Paper  read  at  the  Bethlehem  Meeting,  May,  1886.) 

In  my  paper  on  Mexican  weights  and  measures,  presented  at  the 
Bethlehem  meeting,  I  gave  a  formula  for  the  reduction  of  Mexican 
ounces  per  carga  to  American  ounces  per  ton,  which  may  prove 
misleading.     I  wish  therefore  to  substitute  the  following  rule : 

To  reduce  Mexican  ounces  per  carga  of  300  Mexican  pounds  to 
Troy  ounces  per  ton  of  2000  pounds  avoirdupois,  multiply  the 
number  of  ounces  per  carga  by  6.078. 

Or,  to  reduce  Troy  ounces  per  ton  of  2000  pounds  avoirdupois  to 
Mexican  ounces  per  carga  of  300  Mexican  pounds,  multiply  the 
number  of  Troy  ounces  per  ton  by  0.165. 
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MiyiJS^G  EyGIXEEIilXG  AT  THE  UNIVERSITY  OF 
ILLIXOIS. 

BY   DR.    XnEO.    B.    COMSTOCK,    CHAMPAIGN,   ILLINOIS. 
(St.  Louis  Meeting,  October,  ISSC.) 

Prior  to  1885,  the  College  of  Engineering  in  the  State  University 
was  under  the  care  of  such  professors  and  instructors  as  were  required 
for  etlieient  work  in  the  Schools  of  Mechanical  Engineering,  Civil 
Engineering  and  Architecture.  The  development  of  the  coal  and 
other  important  mineral  resources  of  the  commonwealth  led  gradu- 
allv  to  a  considerable  demand  for  instruction  in  the  branches  more 
closely  related  to  mining  engineering,  and  a  very  creditable  effort 
was  made  to  meet  this  want  by  arranging  special  work  in  the  field 
and  in  the  laboratory  for  students  of  mining  and  metallurgy.  This 
plan,  while  it  gave  much  added  labor  to  several  already  heavily 
taxed  professor,  caused  such  students  to  become  something  like  un- 
desirable excrescences  upon  the  regular  courses.  But  its  partial  suc- 
cess gave  abundant  proof  of  the  real  necessity  for  a  complete  course 
in  Mining  Engineering. 

The  famous  Braidwood  disaster  emphasized  anew  the  importance 
of  thorough  training  on  the  part  of  those  to  whom  the  responsible 
duties  of  mining  must  be  confided.  As  is  well  known,  a  very  excel- 
lent beginning  was  made  some  years  ago  by  the  Legislature  in  the 
matters  of  inspection  and  regulation  by  the  enactment  of  a  reason- 
ably effective  law,  which  was  afterward  much  improved.*  About 
the  date  of  the  last  Acts,  it  was  deemed  wise  to  enlarge  the  facilities 
at  the  University  and  to  furnish  adequate  training  for  the  increasing 
number  of  applicants.  Accordingly,  in  August,  1885,  the  writer 
was  requested  to  assume  the  duties  of  the  professorship,  it  being  the 
expressed  desire  of  the  Board  of  Trustees  and  the  Regent  of  the 
University  that  a  School  of  Mining  Engineering  should  be  founded 
which  might  eventually  come  to  rank  with  the  other  engineering 
schools  already  flourishing  here. 

It  is  the  main  object  of  this  paper  to  state  plainly  the  steps  thus 


*  The  framework  of  the  prej^ent  laws  was  enacted  in  1879,  amended  considerably 
in  1883,  and  a  little  more  in  1885. 
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far  taken  by  the  University  authorities,  with  such  other  plans  as 
have  been  so  far  matured  that  their  realization  may  be  confidently 
foretold.  This  is  done  chiefly  for  the  purpose  of  eliciting  friendly 
criticism  for  our  own  benefit,  and  not  without  a  hope  that  a  recital 
of  some  of  the  difficulties  we  have  met  and  overcome  to  some  extent 
may  be  of  use  to  others  in  similar  situations. 

I  trust  that  it  is  unnecessary  to  explain  in  detail  the  end  and  aim 
of  this  school.  Since  this  paper  was  outlined  for  presentation  to  the 
Institute,  I  have  had  the  inestimable  privilege  of  perusing  the  ad- 
mirable address  of  Professor  Richards,*  in  which  he  deals  telling 
blows  for  the  principles  which  I  would  advocate  if  ray  pen  were  half 
as  powerful  as  his  has  proved  ;  and  it  will  suffice  for  me  to  fall  into 
line  respectfully  behind  such  leaders  as  our  own  Drown  and  Coxe 
and  Haymond  and  Bayles  and  many  others  who  have  done  good 
service  in  the  cause  of  technical  education. 

Professor  Richards  has  well  put  the  whole  subject  of  the  proper 
aim  of  the  mining  school  and  has  most  fully  shown  the  general  plans 
adopted  to  accomplish  it  in  the  principal  American  institutions. 
His  excellent  table  shows  that  our  course  is  near  enough  in  form  to 
those  of  the  older  schools  to  entitle  us  to  claim  that  we  are  at  least 
following  in  the  general  path  of  more  able  and  more  experienced 
educators.  The  table,  however,  does  not  give  the  whole  truth.  In 
chemistry,  mineralogy,  assaying  and  metallurgy  we  require  860 
hours  of  work,  as  against  1260  at  Columbia  and  1180  at  the  Massa- 
chusetts Institute  of  Technology ;  but  no  mining  student  stops  at 
this  with  us.  The  extra  hours  invariably  given  to  such  work  M'ill 
amount  to  from  300  to  500.  It  is  the  same  in  other  branches :  the 
curriculum  is  the  skeleton  upon  which  the  programme  of  exercises  is 
arranged  in  order  to  secure  harmony  in  the  different  colleges  of  the 
University,  but  enough  collateral  work  is  always  assigned  to  increase 
very  materially  the  number  of  hours  of  study  actually  covered.  So 
it  is  with  surveying,  drawing  and  all  the  purely  technical  portions 
of  the  training.  For  instance,  in  the  Junior  and  Senior  years,  stu- 
dents are  required  to  devote  as  much  extra  time  to  the  draughting 
room  as  is  marked  out  for  the  class  routine.  In  physics  regular 
hours  of  laboratory  work  are  enforced,  in  addition  to  the  time  laid 
down  for  recitations. f 

*  American  Mining  Schools.  Presidential  Address  at  the  Betlileheni  Meeting, 
1886. 

t  Reference  may  be  made  to  Professor  Richards' Tables  in  the  address  previously 
quoted  for  full  details  of  our  requirements  in  these  and  other  particulars. 
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"NVe  have  not  sought  to  prepare  our  students  to  act  as  mine-managers 
immediately  upon  graduation,  nor  do  we  expect  to  turn  out  men 
who  will  be  able  to  compete  with  practical  miners  in  manual  labor 
underground.  But,  in  brief,  we  have  undertaken  to  receive  young 
men  of  earnest  purpose  and  a  fiiir  amount  of  preliminary  education 
and  to  place  within  their  reach  such  opportunities  for  study  as  will 
enable  them  to  acquire  a  solid  foundation  upon  which  to  build  when 
thev  come  to  grapple  with  the  practical  details  of  the  profession.  In 
other  words,  we  desire  to  train  them  to  work,  to  think  and  to  act, 
to  discipline  them  in  such  manner  that  they  may  so  use  their  own 
after  experience  and  the  experience  of  others  as  to  secure  the  maxi- 
mum effect  with  the  least  possible  outlay  of  time,  money  and  labor. 
With  us  the  technical  school  is  recognized  as  the  place  to  learn  ichat 
has  been  done  and  ichi/,  with  enough  of  the  hoio  to  enable  the  student 
to  appreciate  the  difficulty  of  doing.  We  think  if  we  can  make  the 
student  know  the  principles  which  underlie  the  profession,  so  that 
he  may  understand  the  conditions  which  will  confront  him  in  vari- 
ous emergencies,  and  at  the  same  time  introduce  him  to  the  unsolved 
problems  by  a  judicious  selection  of  such  as  will  teach  him  the  best 
(not  necessarily  the  most  disastrous)  lessons — then  he  can  be  safely 
left  to  acquire  the  bulk  of  his  practical  experience  in  actual  duty, 
gradually.  But  the  "  parallel  method  "  of  combining  theory  and 
practice  in  instruction  is  adopted  unreservedly. 

The  one  guiding  principle  of  our  ambition  is  to  realize  to  the 
utmost  that  reciprocal  union  which  Dr.  Drown  has  most  fitly  termed 
"  the  fellowship  of  theory  and  practice."* 

There  is  another  point,  to  my  mind  of  vast  importance,  which 
Dr.  Drown  has  also  pointed  out  in  his  reservoir  of  condensed  logic. f 
It  is  that  while  the  three  processes  of  accumulating  facts,  expanding 
the  mental  powers  and  acquiring  habits  of  thinking  and  working, 
must  go  hand  in  hand  in  the  student's  preparation  for  his  profession, 
yet  it  is  the  last  named  which  is  the  most  essential.  Information, 
development,  training — these  three — but  the  greatest  of  these  is 
training.  I  will  trust  any  young  man  who  has  in  him  the  making 
of  an  engineer,  to  seek  and  acquire  his  own  facts  as  he  needs  them, 
although  his  instructor  may  save  him  much  valuable  time  by  pre- 
senting these  to  him  systematically,  thoroughly  and  critically,  over 
a  much  wider  range.     I  do  not  fail  to  recognize  the  wide  difference 

^  TechnicfjJ,  Training.     Address  before  Alumni  Association,  Lehigh  University, 
June  20th,  1883.     By  Thos.  M.  Drown.     Page  11. 
t  Op.  cU.,  pp.  20,  22. 
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between  the  man  who  has  to  depend  upon  his  own  immature  judg- 
ment in  solving  practical  problems  forced  upon  his  attention,  and 
the  one  who  has  been  compelled  in  the  school  to  classify  and  to 
study  principles  until  he  is  able  to  recognize  the  bearings  of  each 
new  fact  and  to  interpret  it  or  to  test  it  in  advance  of  his  own  expe- 
rience. Still,  neither  of  the  individuals  thus  equipped  will  achieve 
even  moderate  success,  unless  he  has  formed  habits  of  thought  and 
action  which  all  but  unconsciously  direct  his  every-day  work.  The 
trained  engineer  is  the  habitual  thinker  and  worker  in  the  line  of 
his  calling.  He  may  be  less  informed  than  other  people  at  the 
inception  of  an  enterprise,  as  regards  local  details,  but  he  has  a 
habit  of  learning,  and  a  habit  of  thinking  and  a/ia6i^of  doing,  which 
constitute  him  an  engineer  as  distinct  from  the  mere  practical  man, 
who  can  c?o  just  what  he  has  been  obliged  to  learn  without  any  thiyik- 
ing.  In  rare  cases,  as  we  know,  men  have  had  lofty  careers  in  our 
profession,  apparently  without  this  training,  but  it  is  certain  that 
these  persons  acquired  the  habits  of  the  engineer,  or  they  could  not 
have  been  successful. 

It  is,  therefore,  very  essential  that  the  technical  school  shall  be  in 
a  position  to  train  students  to  habits  of  the  three  kinds.  If  the 
young  man  has  in  him  the  material  for  making  an  engineer,  he  must 
prove  it  to  his  instructors;  and  if  they  be  competent  they  will  make 
him  prove  it  in  four  years,  by  showing  that  he  can  quickly  and 
accurately  observe,  carefully  but  unhesitatingly  devise  methods  and 
promptly  perform  what  he  has  undertaken. 

This  achievement  in  all  the  student's  work  is  our  ideal,  and  every 
possible  effort  is  made  to  do  faithful  work  in  this  direction,  just  as 
far  as  may  be,  but  with  no  false  hope  that  we  can  accomplish  what 
must  invariably  be  done  by  years  of  actual  experience  after  gradua- 
tion. The  curriculum  cannot  show  how  well  this  work  is  done  here, 
nor  is  it  proper  to  speak  of  the  limited  results  of  the  short  life  of 
this  young  mining  school,  but  the  proof  of  the  practical  value  of 
the  idea  is  before  us  in  the  history  of  the  graduates  from  cognate 
departments  whose  instructors  exert  a  preponderating  influence  in 
this  also. 

Our  attitude  towards  the  mines  and  the  works  is  neither  a  domi- 
neering one  (which  would  be  absurd)  nor  that  of  dependence  ui)on 
them,  except  in  so  far  as  a  mutual  interchange  of  courtesies  brings 
us  all  into  the  most  friendly  relations.  But  it  is  to  them  that  we 
look  for  encouragement  and  that  appreciation  of  our  work  which 
will  enable  our  graduates  to  continue  their  studies  under  favorable 
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auspices  after  they  have  left  us.  Thus  far  there  has  been  no  chishing 
of  interests  in  this  regard,  but  on  tlie  contrary  every  facility  has  been 
proviiUxl  which  has  been  ilcsiretl,  and  in  not  a  few  instances  in  ad- 
vance of  solicitation. 

It  would  be  wrong  to  select  names  of  those  who  have  met  us  in  a 
most  friendly  spirit,  where  none  have  done  otherwise,  but  we  are 
especially  fortunate  in  having  at  command  the  best  facilities  in  all 
parts  of  the  State.  1  have  heretofore  run  across  no  hostility,  nor 
even  the  manifestation  of  a  querulous  spirit.  On  the  contrary,  the 
disposition  to  favor  us  in  every  possible  way  has  been  unanimous 
as  far  as  it  has  been  tested.  The  character  and  extent  of  the  mining 
enterprises  conducted  in  Illinois  would  greatly  astonish  those  unfa- 
n)iliar  with  the  facts. 

The  curriculum  which  has  been  adopted  after  much  deliberation 
is  given  below,  as  now  required  of  candidates  for  the  degree  of 
Bachelor  of  Science  in  Minin<r  Engineerinor. 

COURSE  OF  STUDY. 
FIRST  YEAR. 

First  Term. — Trigonometry;  Projection  Drawing;  Chemistry; 
French  or  German. 

Second  Term. — Analytical  Geometry;  Descriptive  Geometry  and 
Lettering;  Chemistry;  French  or  German. 

Third  Tei-m. — Advanced  Algebra;  Free-hand  Drawing;  Chem- 
istry ;  French  or  German. 

SECOND   YEAR. 

First  Tei'm. — Land  Surveying;  Calculus;  Chemistry. 

Second  Term. — Surveying  and  Theory  of  Instruments  ;  Advanced 
Analytical  Geometry  ;  Physics. 

Third  Term. — Topographical  Surveying  and  Drawing ;  Advanced 
Calculus ;  Physics. 

THIRD    YEAR. 

First  Term. — Mining  Attack  ;  Analytical  Mechanics;  Mineralogy. 
Second  Term. — Geology  ;  Resistance  of  Materials  ;  Assaying. 
Third  Term. — Geology;  Mine  Surveying;  Metallurgy, 

FOURTH    YEAR. 

First  Term. — Engineering  Geology  ;  Prime  Movers;  Mental  Sci- 
ence. 

VOL.  XV. — 38 
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Second  Term. — Mining  Engineering;  Prime  Movers;  Constitu- 
{ional  History. 

Third  Term. — Mining  Engineering;  Mine  Administration;  Po- 
litical Economy. 

In  this  the  mathematics  and  surveying  of  the  course  in  Civil 
Engineering  have  been  mainly  included,  substituting,  however.  Mine 
Surveying  for  Railroad  Surveying.  Chemistry  and  its  applica- 
tions in  Assaying  and  Metallurgy,  with  Mineralogy  and  Geology 
and  special  mining  subjects,  comprise  the  further  deviations  from  the 
other  engineering  courses. 

Some  instructors  would  condemn  the  placing  of  physics  later  in 
the  course  than  chemistry  ;  but  with  us  this  is  unavoidable,  because 
it  is  so  established  in  all  other  courses,  and  in  no  other  school  in  the 
University  does  it  come  until  the  third  year.  This  arrangement  is 
less  objectionable  from  the  fact  that  the  branch  as  now  taught  is 
treated  particularly  in  its  technical  relations.  French  or  German 
must  be  followed  one  year,  and  most  students  continue  one  of  them 
through  the  second  year.  In  all  subjects  where  it  can  be  applied, 
drawing  is  constantly  required,  thus  making  up  for  the  apparent 
lack  of  it  in  the  curriculum. 

The  instruction  in  the  technical  subjects  bearing  directly  upon 
mining,  is  arranged  in  a  somewhat  progressive  order,  as  follows: 
1.  Attack. — Excavation,  Explosives,  etc.  2.  Support. — Timbering, 
Walling,  etc.  3.  3Iine  Surveying. — Objects,  Methods,  Instruments, 
Mining  Law  (of  property  rights),  etc.  4.  Drainage.  5.  Ventila- 
tion. 6.  Haulage.  7.  Exploration.  8.  Development.  9.  Exploita- 
tion. 10.  Dressing  of  Frodacts.  11.  3fining  Machinery,  Buildings, 
in  review.  12.  Organization,  Personnel,  etc.  13.  Administration, 
Mining  Law  (of  regulation  and  inspection). 

In  some  respects,  usually  of  minor  importance,  it  is  recognized 
l)y  all  concerned  that  a  different  arrangement  of  subjects  might  be 
desirable,  but  the  present  adjustment  is  controlled  by  several  cir- 
cumstances. First,  the  subsidiary  work  in  elementary  drawing, 
mathematics,  surveying,  chemistry  and  geology,  being  given  in  classes 
composed  of  students  froin  several  courses,  cannot  be  laid  out  to  fill 
in  gaps  left  by  our  dictation ;  secondly,  places  must  be  left  for  cer- 
tain subjects  in  those  terms  in  which  they  are  regularly  taught  for 
other  courses;  and  thirdly,  the  strictly  technical  studies  must  be  given 
with  reference  to  the  previous  preparation  of  the  student.  These 
requirements  may  serve  to  explain  some  apparently  anomalous  posi- 
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tions  of  certain  branches,  but  the  above  statement  does  not  cover  the 
wliole  ground.  Mine  Surveying,  originally  a  first-term  study  of 
the  thii"d  vear,  has  since  been  thrown  over  to  tlu>  third  term  in  order 
to  give  tlie  students  of  the  course  in  Civil  Engineering  an  oppor- 
tnnitv  to  attend  the  class  in  Mining  Attack  (explosives,  tunnelling, 
etc.). 

The  methods  of  instruction  are  not  really  novel,  nor  do  they  copy 
in  all  respects  the  models  furnished  by  other  schools.  Our  young 
men  are  as  earnest  and  diligent  as  technical  students  need  be,  but 
thev  do  not  come  prepared  to  utilize  the  lecture-system  to  the 
utmost.  Text-books  are  lacking  in  mining  subjects,  and  we  cannot 
arrange  satisfactorv  courses  of  reading  for  undergraduates  to  take 
the  place  of  lectures  and  recitations.  But  our  engineering  students 
excel  in  field  and  laboratory  work  and  in  acquiring  the  practical 
details  of  a  subject.  This  quality  is  undoubtedly  in  large  meas- 
ure the  outcome  of  the  training  given  in  the  earlier  years  of  their 
course,  but  we  are  now  concerned  only  with  this  result.  Perhaps  it 
miirht  be  easier  for  the  Professor  of  Mining;  to  cram  their  heads  with 
facts  if  more  attention  were  given  to  the  training  of  their  receptive 
than  of  their  perceptive  faculties;  but  no  technical  school  in  this 
country  can  show  a  larger  percentage  of  graduates  actually  engaged 
in  the  successful  practice  of  the  professions  for  which  they  were 
ostensibly  prepared.  Such  results  from  nearly  twenty  years  of  experi- 
ence in  other  departments  must  naturally  exert  a  strong  pressui'e 
upon  the  new  course  from  the  direction  of  the  Faculty  of  the  Col- 
lege of  Engineering.  Hence,  this  is  more  or  less  evident  in  the 
curriculum  and  modes  of  training  adopted.  There  can  be  little  ques- 
tion at  this  late  day  of  the  superiority  of  the  system.  The  course 
itself  is  very  largely  what  the  one  most  directly  concerned  has  de- 
sired ;  that  is  to  say,  it  has  been  accepted  from  his  hands  with  only- 
such  modifications  as  were  necessary  in  order  to  adapt  it  to  the  ex- 
isting order  of  instruction  at  the  University,  although  it  is  also  fair 
to  state  that  the  original  formulation  of  the  same  was  of  necessity 
based  upon  local  requirements.  I  do  not  think  it  corresponds  in  all 
respects  with  what  I  should  recommend  for  an  institution  with  no 
laboratory  facilities,  nor  would  it  probably  be  suitable  for  adoption 
in  toto  in  a  region  crowded  with  mines  and  works.  The  lack  of  the 
latter  in  the  immediate  neighborhood  is  not  a  serious  matter,  as  we 
have  not  far  to  go  to  reach  them. 

Mining  is  taught  by  a  combination  of  the  three  methods  of  text, 
lectures,  and  practice.     The  student  is  provided  with  blue-printed 
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copy  covering  the  subjects  discussed,  in  much  the  same  manner  as 
by  a  series  of  lectures,  which  he  studies  like  a  text-book,  but  with 
more  than  the  ordinary  amount  of  collateral  reading.*  In  the  class- 
room recitations  are  had,  based  upon  this  study,  the  student  being 
required  not  only  to  familiarize  himself  with  the  details  of  his  sub- 
ject, but  to  prepare  drawings  constantly  as  well  as  to  solve  problems 
suggested  by  actual  work.  Last  year  the  boring  of  a  test-hole  by  the 
diamond-drill  afforded  a  practical  illustration,  the  core  being  watched 
by  the  students  day  and  night,  under  the  care  of  the  Professor  of 
Geology,  during  the  drilling  of  four  hundred  feet.  The  discussion 
of  the  work,  the  apparatus,  and  the  results  of  the  boring  formed  part 
of  the  daily  class-room  work  of  the  mining  students.  An  excursion 
to  the  mines  of  the  McLean  County  Coal  Company,  at  Blooming- 
ton,  gave  us,  through  the  kind  attentions  of  Mr.  Stevenson,  the 
foreman,  good  material  for  many  more  studies  from  actual  prac- 
tice; and  similai"  problems  have  been  taken  in  hand  with  other  data 
obtained  by  the  members  of  the  class,  as  facts  observed  by  themselves. 
Whatever  may  be  the  topic  under  discussion,  familiar  examples  of 
good  and  bad  practice  are  brought  up  as  illustrations,  and  excursions 
are  made  with  special  reference  to  any  deficit  in  this  regard.  Upon 
these  trips,  the  students  are  required  to  observe  with  special  reference 
to  topics  already  studied  and  to  make  reports  in  writing  upon  their 
return. 

The  field  and  laboratory  exercises  are  prominent  features,  every- 
thing being  arranged  to  agree,  as  far  as  may  be,  with  the  conditions 
of  actual  practice.  At  present  our  facilities  for  surveying  are  supe- 
rior to  those  in  other  departments,  but  we  are  planning  improve- 
ments which  will  soon  enable  us  to  extend  the  scope  of  our  practical 
training.  It  may  seem  puerile  to  speak  of  actual  work  in  mine-sur- 
veying with  such  limited  local  resources  as  are  afforded  here ;  but 
ingenuity  has  overcome  this  obstacle  in  a  very  satisfactory  manner, 
nevertheless.  The  University  building  is  for  our  purpose  regarded 
as  a  mine,  the  irregular  roof  being  taken  as  the  surfiice  in  part,  of 
Avhich  every  student  is  required  to  make  a  good  topographical  map. 
Openings  from  roof  to  basement  give  us  examples  of  shafts  over 
ninety  feet  in  depth,  with  somewhat  complicated  levels  running  off 
at  irregular  intervals.     By  means  of  this  combination  the  class  in 


*  The  University  library  is  managed  in  such  a  manner  that  the  best  use  of  its 
facilities  can  be  made  by  tlie  students.  They  now  have  access  to  tlie  leading 
authorities  on  mining  subjects,  and  the  list  of  home  and  foreign  engineering  peri- 
odicals regularly  taken  is  large. 
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1885  performed  all  the  operations  of  surfaco  and  underground  sur- 
veviuiT,  including  some  difficult  problems,  with  very  accurate  results. 
For  surveys  of  lode-claims,  each  student  is  given  a  limited  area  on 
the  University  farm  upon  which  to  locate,  so  selected  as  to  ensure 
conflicts  of  various  kinds  between  neighboring  claimants.  Each  is 
tiien  rei]uire<l  to  survey,  locate,  apply  for  patent  and  defend  against 
adverse  claimants,  the  decision  being  rendered  by  the  Professor 
according  to  facts  and  the  statutes  and  judicial  decisions. 

The  mining  laboratory  is  as  yet  largely  in  emhn/o,  but  we  hope,  if 
supported  by  appropriations,  to  make  this  a  leading  feature.  It  is 
not  to  l)e  an  experiment,  of  course,  for  excellent  models  already  exist 
which  have  fully  proven  their  usefulness;  but  an  effort  will  be 
made  to  extend  this  beyond  the  range  heretofore  given  to  such 
establishments.  It  has  never  seemed  to  the  writer  that  the  mining 
laboratories,  so-called,  of  tUis  country  are  such,  strictly  speak- 
ing. I  should  consider  them  usually  as  ore-dressing  labora- 
tories accessory  to  the  metallurgical  workrooms.  No  real  mining 
laboratory,  nor  even  a  coal-dressing  room  has  yet  been  placed 
within  reacli  of  the  student,  so  far  as  known  to  me.  Nor  do  I  be- 
lieve that  the  proper  training  of  the  mining  engineer  demands  so 
much  the  reproduction  in  miniature  of  the  actual  conditions  of  his 
future  every-day  work  as  the  illustration  of  principles  and  facili- 
ties for  making  application  of  them  in  a  well -arranged  series  of  tests. 
It  is  admitted  that  much  of  the  most  important  mining  work  cannot 
be  illustrated,  even  upon  a  small  scale,  without  incurring  undue  ex- 
pense and  defeating  the  purpose  of  the  mining  school  in  some  degree. 
But,  after  all,  the  economy  of  management  consists  in  knowing  and 
doing  and  saving  in  little  things.  The  importance  of  good  tools,  good 
smithing,  a  clear  understanding  of  the  right  use  of  explosives,  and  of 
the  strength,  durability  and  utilization  of  timber,  and  many  other" 
subjects  of  grave  interest,  are  taught  practically  now  very  largely  by 
sad  experience.  That  there  is  a  way  to  bring  this  welcome  practical 
knowledge  to  the  student  in  connection  with  his  theoretical  study,  I 
firmly  believe;  and  it  is  not  too  much  to  hope  that  a  mining  labora- 
tory properly  equipped  for  such  work  may  become  of  real  benefit  to 
the  profession  at  large  by  such  additions  to  knowledge  as  may  occa- 
sionally be  made  through  experiments  primarily  designed  to  acquaint 
the  student  with  the  principles  of  the  science.  Professor  Richards 
has  accomplished  this  in  a  metallurgical  way,  and  we  have  certainly 
enough  to  learn  to  make  the  mining  field  fully  as  promising. 

There  is  one  condition  which  holds  the  School  of  Mining  Engi- 
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neering  in  the  University  of  Illinois  to  a  policy  peculiarly  its  own, 
though  not  rigidly  narrowing  the  scope  of  instruction.  This  is  the 
manifest  duty  of  looking  first  to  the  great  industries  of  the  State,  and 
above  all  to  that  of  coal  mining.  Our  laboratory  must  be  planned 
with  reference  to  this  requirement,  and  a  beginning  has  already  been 
made.  Aside  from  the  foregoing,  it  is  proposed  to  adopt  in  general 
the  equipment  of  the  mining  laboratories  of  Columbia  and  the  Massa- 
chusetts Institute,  with  modifications  to  suit  local  circumstances. 

Although  the  work  of  organization  and  adjustment  has  precluded 
much  real  progress  in  the  line  here  marked  out,  we  have  made  a 
beginning  in  the  collection  of  facts  bearing  upon  problems  in  Illinois 
mining.  The  subject  of  most  direct  interest  is  the  oil-  and  gas-supply 
of  the  State  and  its  exploitation.  The  conflicting  reports,  irregular 
and  uncertain  results,  and  the  necessity  for  rigid  scrutiny  of  records 
have  all  afforded  excellent  lessons  and^valuable  training.  The  local 
coal  problem  has  also  given  excellent  opportunity  for  bringing  the 
students  directly  in  contact,  day  by  day,  with  actual  examples  of 
perj)lexing  situations.  We  shall  have  this  year  two  theses  by 
students  which  will  be  based  upon  special  studies  of  peculiar  methods 
of  mining. 

The  Metallurgical  Course  is  at  present  a  branch  of  the  Course  in 
Chemistry,  and  is  not  comparable  directly  with  this;  but  the  facilities 
in  that  direction  are  being  rapidly  extended.  However,  as  will  be 
observed,  the  mining  curriculum  is  arranged  largely  upon  the  com- 
bined method  mentioned  by  Professor  Richards  in  his  paper  on 
"American  Mining  Schools." 

The  instructors  concerned  in  the  work  of  the  course  are:  one 
professor  of  Mining  Engineering,  one  professor  and  an  assistant  pro- 
fessor of  Mechanical  Engineering,  one  professor  and  an  assistant 
■professor  of  Civil  Engineering,  one  professor  of  Geology,  one  pro- 
fessor and  two  instructors  in  Chemistry,  one  professor  of  Industrial 
Art  and  Design,  one  professor  of  Mathematics  and  one  professor  of 
Modern  Languages.  Physics,  Mineralogy,  Assaying  and  Metallurgy 
are  at  present  included  in  the  departments  of  Mining  Engineering 
and  Chemistry,  but  this  arrangement  is  temporary. 

In  conclusion,  it  is  but  just  to  express  the  writer's  deep  sense  of  the 
liberal  and  progressive  spirit  which  has  actuated  the  Board  of  Trus- 
tees of  the  University  of  Illinois  and  the  Regent,  Dr.  S.  II.  Pea- 
body,  in  all  their  dealings  with  the  writer  in  connection  with  this 
new  department.  Similar  acknowledgment  is  also  due  to  each  and 
all  of  my  colleagues  in  the  instructing  Board. 
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BIOGEAPHICAL  XOTICE   OF  MAliTIX  COTiYELL. 

BY  R.    TT.    RAYMOND. 

(Scrnnton  Mooting,  Fobrunry,  1S?7.) 

That  the  death  of  Martin  Coryell,  which  occurred  at  Lambert- 
ville,  New  Jersey,  on  ISLonday  morning,  November  29th,  touciied 
the  sympathies  of  a  wide  circle  of  professional  associates  and  per- 
sonal friends,  was  amply  testified  by  the  gathering  at  the  funeral 
services  on  Friday.  Like  his  distinguished  friend  and  neighbor, 
the  late  Ashbel  Welch,  Mr.  Coryell  was  one  of  those  pioneers  in 
American  engineering  to  whom  we  owe  the  great  railway  and  canal 
systems  which  lie  at  the  base  of  our  national  prosperity,  and  who 
have  consequently  enjoyed  the  respect  and  esteem  of  their  successors 
of  the  jiresent  generation. 

Martin  Coryell  was  born  July  20th,  1815,  at  New  Hope,  Bucks 
County,  Fa.,  and  was  educated  principally  in  the  schools  of  his 
native  town  and  of  Lambertville,  New  Jersey,  to  which  place  he 
returned  for  permanent  residence  fifty  years  later.  With  the  excep- 
tion of  a  brief  period  in  youth,  during  which,  to  restore  his  failing 
health,  he  learned  and  practiced  for  a  few  months  the  carpenter's 
trade,  and  another  brief  period,  later  in  life,  when  he  read  law  for 
a  time  in  the  office  of  B.  H.  Brewster,  of  Philadelphia,  afterwards 
Attorney-General  of  the  United  States,  Mr.  Coryell  may  be  said  to 
have  spent  his  life  as  an  active  civil  and  mining  engineer.  Even 
these  two  episodes  can  scarcely  be  said  to  have  been  deviations  from 
that  profession,  since  they  served  to  give  him  more  thorough  prepara- 
tion for  constructive  and  administrative  work. 

The  Delaware  Division  Canal,  the  Raritan  Canal,  and  the  Bruns- 
wick Canal,  are  among  those  upon  which  Mr.  Coryell  was  employed. 
For  the  Raritan  Canal  Company,  under  the  superintendence  of 
Ashbel  Welch,  he  located  the  greater  part  of  the  Belvidere  Rail- 
road (now  the  Belvidere  division  of  the  Pennsylvania  Railroad), 
and  directed  its  construction  from  Trenton  to  Lambertville.  He 
was  also  active  as  a  mining  engineer,  being  one  of  the  early  pioneers 
of  mining  in  the  Lake  Superior  copper  region,  and  had  much  to  do 
with  the  development  of  the  Hazleton  coalfield  and  the  railroad 
which  has  since  expanded  into  the  Lehigh  Valley  system. 

In  1862,  he  removed  to  Wilkes-Barre,  where,  in  1864,  he  became 
manager  of  the  Warrior  Run  Mining  Company.    One  of  the  editors 
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of  the  Engineering  and  Mining  Journal  gratefully  remembers  the 
cordial  generosity  with  which,  as  a  young  surveyor  and  raining 
engineer,  commencing  at  Wilkes-Barre  the  practice  of  his  profession, 
he  was  received  by  Mr.  Coryell,  who  put  at  his  disposal  office,  books, 
instruments,  and  wise  advice  and  substantial  encouragement  in  the 
way  of  employment.  This  kindness  to  younger  men  in  the  profes- 
sion was,  throughout  life,  characteristic  of  him.  He  took  a  lively 
interest  in  their  success,  and  aided  them  in  every  way. 

Besides  the  more  prolonged  engagements  to  which  I  have  alluded, 
Mr.  Coryell  visited  as  an  expert  the  mining  regions  of  many  States, 
and  became  familiar  with  the  greater  part  of  what  was,  during  his 
prime,  the  settled  portion  of  the  United  States.  If  I  am  not  mis- 
taken, he  did  not  enter  the  field  in  and  beyond  the  Rocky  Moun- 
tains;  but  he  extended  his  labors  to  Nova  Scotia,  and  spent  a  season 
in  the  thorough  study  of  the  coal-beds  of  Cow  Bay,  Cape  Breton. 

In  April,  1871,  while  still  residing  at  Wilkes-Barre,  he  united 
with  R.  P.  Rothwell,  then  of  that  city,  and  Eckley  B.  Coxe,  of 
Dritlton,  Pa.,  in  issuing  a  circular,  the  result  of  which  was  the  meet- 
ing of  May  16th,  1871,  organizing  the  American  Institute  of  Mining 
Engineers.  The  extraordinary  growth  of  our  society,  from  a  score 
of  members  at  the  outset  to  more  than  fifteen  hundred  in  fifteen 
years,  is  a  familiar  story. 

To  the  founders  of  the  Institute  this  instant  and  great  success 
was  a  matter  of  equal  surprise  and  pleasure.  The  momentum  seemed 
to  come  as  if  by  a  miracle  ;  but  the  direction,  without  which  mo- 
mentum would  have  been  useless  or  disastrous,  was  happily  given  at 
the  beginning  by  one  thing  more  than  by  any  or  all  others,  namely, 
the  hearty  and  fraternal  cooperation  of  veterans,  trained  by  long 
experience,  with  the  young  graduates  of  schools.  David  Thomas, 
the  first  president,  and  Martin  Coryell,  the  first  secretary  of  the 
Institute,  worthily  represented  this  generous  feeling;  and  although, 
as  the  labors  of  their  offices  increased,  they  gave  way  to  younger 
men,  yet  they  remained  in  office  long  enough  to  impress  u[)on  the 
new  society  a  character  of  harmony  and  catholicity  which  it  has 
never  lost.  There  is,  perhaps,  no  other  technical  body  in  the  pro- 
ceedings of  which  men  of  practice  take  part  with  little  embar- 
rassment, and  men  of  school-education  with  so  little  conceit,  and 
both  with  so  little  jealousy  of  each  other.  And  as  the  men  of  prac- 
tice make,  in  such  a  case,  undoubtedly  the  more  valuable  contribu- 
tion, they  are  entitled  to  the  larger  share  of  credit. 

After   Mr.  Coryell's  two  years'   service  as   secretary,  he  was  for 
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three  vefirs  a  maiiaixer  of  the  Institute — in  that  stage  of  its  history, 
let  it  be  remarked,  when  the  maehine  did  not  rnn  itself,  and  the 
offiee  of  nianairer  was  less  like  a  sinecure  than  it  has  since  become. 
The  formation  of  wise  rules  and  the  accumulation  of  safe  precedents 
cost  a  good  deal  of  patient  thinking  and  planning.  Mr.  Coryell's 
contributions  to  the  Transadions  are  confined  to  a  few  brief  papers 
in  the  earlv  volumes.  Growing  age  and  infirmity  forbade  him  to 
undertake  more  extended  labors  of  that  kind  ;  but  he  retained  to 
the  last  an  eager  interest  in  the  Institute,  and  attended  the  meetings 
whenever  he  couUl — \vliich  was,  indeed,  not  seldom.  His  genial 
greeting  was  one  of  the  pleasant  things  to  which  many  of  us  looked 
forward,  and  upon  which  we  now,  with  tearful  eyes  but  grateful 
hearts,  look  back. 

^ly  own  association  with  Martin  Coryell,  beginning  as  it  did  with 
the  birth  of  the  society  we  both  loved  and  served,  is  indissolubly 
connected  in  my  thought  with  the  history  of  that  society  for  more 
than  fifteen  years.  It  has  been  to  me  an  experience  of  unbroken, 
unvarying  kindness  and  friendship  from  him.  I  do  not  doubt — 
nay,  I  know — that  many  other  members  of  the  Institute  would  bear 
the  same  testimony.  There  can  be  no  more  fitting  end  to  a  long 
and  honorable  career  than  was  the  benign  sympathy  bestowed  by 
Martin  Coryell,  from  his  well-earned  repose  and  retirement,  upon 
the  generation  that  had  assumed  the  hopes,  labors  and  responsibili- 
ties from  which  he  was  already  in  large  part,  and  is  now  wholly  and 
forever,  relieved. 


CONCENTRATION  AND   SMELTING  AT  T03[BST0NE, 
ARIZONA. 

BY  JOHN  A.  CHURCn,  TARRYTOWN,  NEW  YORK. 

(Scranton  Meeting,  Februarj',  1887.) 

The  operations  of  the  Tombstone  Mill  and  Mining  Company,  in 
Arizona,  have  been  extensive  and  interesting;  and  I  will  endeavor 
to  describe  what  is  novel  in  their  work,  without  attempting  to  go 
over  the  well-known  facts  of  silver  milling, concentration  and  smelt- 
ing which  are  the  general  branches  of  their  business.  Their  mines 
are  at  Tombstone,  and  their  mills  at  Charleston,  ten  miles  dis- 
tant. 

The  ore  has  been  mined  only  above  water-level,  and  at  first  was 
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composed  almost  entirely  of  horn-silver,  enclosed  in  a  gangue  of 
quartz,  containing  also  lead  carbonate,  manganese  and  iron  oxides, 
and  some  sulphides  of  silver,  iron,  copper,  lead  and  zinc.  It  had 
about  60  ounces  of  silver,  and  Ith  ounce  of  gold  per  ton,  and  3  per 
cent,  of  lead,  \yith  increasing  depth  in  the  mines,  the  proportion  of 
silver  sulphide  increased,  and  the  chloride  decreased.  A  constituent 
of  especial  interest  is  tellurium,  which  occurs  probably  in  combina- 
tion with  lead,  silver,  and  gold.  It  is  in  mere  pin-points,  and  the 
true  composition  of  the  mineral  has  not  been  determined.  It  is 
worth  noting  that  this  telluride  seemed  to  be  locally  concentrated 
between  the  water-level  and  the  zone  of  extreme  oxidation.  It  was 
probably  a  secondary  product,  and  represented  a  concentration  of 
materials  that  were  once  contained  in  portions  of  the  vein  that  are 
now  eroded. 

This  ore  was  stamped  and  amalgamated  in  pans  of  the  usual 
"combination"  type.  The  extraction  was  good  so  long  as  the  ores 
lay  near  the  surface,  probably  reaching  85  per  cent,  of  the  silver, 
and  45  per  cent,  of  the  gold.  The  actual  percentage  of  extraction  is 
not  known,  because  all  the  mills  (five  in  number)  in  the  Tombstone 
district  produced  a  large  plus  of  silver  for  several  years,  the  bullion 
being  more  than  100  per  cent,  of  the  battery-assays.  The  cause  of 
this  plus  is  supposed  to  have  been  due  to  the  presence  of  heavy 
minerals  rich  in  silver,  and  to  the  insufificient  slope  of  the  battery- 
launder,  which  allowed  these  rich  portions  to  settle  before  the  samples 
were  taken.  At  all  events  it  is  certain  that  the  discrepancy  between 
the  assays  and  the  product  was  due  entirely  to  mechanical  causes. 

These  peculiarities  disappeared  as  the  ore  lost  its  chloride  char- 
acter, and  began  to  carry  its  silver  in  the  form  of  sulphide,  probably 
from  the  greater  tendency  of  the  sulphide  to  crush  to  a  powder, 
which  was  not  so  likely  to  settle  in  the  launders.  I  found  horn- 
silver  to  be  an  extremely  comfortable  substance  to  deal  with.  Its 
value  in  the  amalgamating-pan  is  well  known,  and  I  learned  that  it 
is  just  as  submissive  to  treatment  in  concentrating.  It  has  a  bad 
name  as  material  for  concentrating,  but  does  not  deserve  it.  Even  in 
the  finest  grains,  it  preserves  its  tabular  or  scaly  form,  and  can  be 
handled  with  the  least  possible  loss.  We  have  seen  lines  of  pure 
horn-silver  on  our  concentrating  tables,  quite  undisturbed  by  the 
flow  of  the  water. 

During  this  early  period  in  the  history  of  the  mines  the  ore  amal- 
gamated with  great  freedom,  and  for  11  months  in  1881  and  1882 
no  salt  or  bluestone  was  used   in  the  pans.     The  disuse  of  tliese 
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chemicals  lessened  the  extraction  by  one  or  two  per  cent.;  but  the 
treatment  of  the  tailings  had  already  been  decided  upon,  and  the 
extraction  of  this  portion  of  the  silver  was  only  deferred.  As  the 
ore  changed  with  increa:?ing  depth,  the  use  of  chemicals  became  ab- 
solutely necessary.  At  the  same  time,  irregularities  crept  into  the 
work  of  amalgamation.  Occasionally  the  fineness  of  the  bullion, 
which  was  normally  about  880  thousandths,  would  run  down  to  400 
and  500  in  spite  of  these  chemicals.  The  debasing  metal  was  always 
lead,  and  it  is  supposed  that  the  sudden  appearance  of  this  melal  in 
the  bullion  without  the  smallest  change  in  the  mode  of  work  having 
taken  place,  was  due  to  an  increase  in  the  telluride  spoken  of  above. 
The  constant  experience  in  the  mill  was  that  neither  carbonate  nor 
sulphide  of  lead  tended  to  debase  bullion.  These  minerals  would 
scmctimcs  increase  in  the  ore  three  and  four  fold  for  a  short  period, 
without  producing  the  slightest  effect  upon  the  bullion.  It  was 
noticed  that  when  the  bullion  was  most  base,  the  ore  sometimes 
showed  an  exceptional  freedom  from  lead,  an  indication  that  the 
tendency  of  this  metal  to  the  bullion  was  dependent  on  its  state  of 
combination  in  the  ore  rather  than  on  its  abundance. 

The  stamjjs  weighed  about  700  pounds  and  dropped  5|-  to  7 
inches,  95  to  100  times  a  minute.  Rough  punched  screens  were  used, 
giving  the  greatest  possible  variation  in  fineness  of  pulp.  They 
were  Xo.  4h  and  when  new  were  finer  than  60-mesh,  but  wore  to 
about  20-mesh  before  they  were  removed.  Under  these  condi- 
tions the  product  was  2.4  tons  to  the  stamp  per  day,  and  2.7  tons 
per  24  hours,  actual  running  time.  This  was  increased  subsequently 
by  various  changes,  until  the  product  was  more  than  3  tons  per 
stamp,  per  day.  The  pulp  was  settled  in  tanks,  shovelled  to  the 
pans,  run  from  the  pans  to  settlers  and  discharged  thence  to  tailing 
beds  formed  by  earth  dams.  The  Comj)any  had  two  mills,  one  of 
15  and  one  of  20  stamps.  In  the  year  ending  March  31st,  1884, 
the  operations  of  the  mills  were  as  follows: 

Total.  Per  ton. 

Tons  milled, 16,043  

Quicksilver,  pounds 20,183  1.258 

Salt,  pounds, 83,850  5.226 

Bluestone,  pounds, 19,339  1.205 

Ca«ting.s,  pounds, 59,C32  3.717 

Wood,  cords, 2,096|  0.131 

Laix)r,  days 9,453  0.589 

The  changes  in  the  amalgamating-pans  varied  somewhat  with  the 
changes  in  the  ores.     They  were  always  about  IJ  tons  in  weight, 
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and  the  quicksilver  charge  was  600  pounds.  Tn  a  year  when  the 
ore  amalgamated  freely  most  of  tlie  time,  the  charge  of  salt  per  ton 
was  5|  pounds  and  of  bluestone  1  pound.  A  year  later,  when  the 
ore  contained  more  sulphides  and  amalgamated  less  freely,  the 
charge  rose  to  5.226  pounds  of  salt,  1.20'^  pounds  of  bluestone.  In 
the  former  case,  1  pound  of  quicksilver  was  consumed  and  in  the 
latter  case,  1.258  pound.  The  subsequent  re-working  of  the  tailings 
by  concentration,  discovered  the  fact  that  the  quicksilver  was  con- 
sumed mainly  by  chemical  combination.  Though  the  beds  contained 
more  than  40  tons  of  this  metal,  minus  the  portion  that  was  carried 
off  in  solution,  only  a  few  hundred  pounds  were  recovered  and  that 
in  the  form  of  a  poor  amalganj. 

The  pans  ran  4,  5  or  6  hours  according  to  the  ease  of  amalgamat- 
ing and  the  friability  of  the  ore,  and  grinding  was  resorted  for  1  to 
4  hours  or  omitted  entirely,  depending  upon  the  same  conditions. 

The  details  of  amalgamation  in  the  years  1882-83  were  as  follows: 

Extracted  by 
Amalgamation.  Total. 

Tons  ore  milled: 37,517 

Containing  ounces  silver,        .         .         .     1,254,531  923,336  

Containing  ounces  gold,          .         .         .  7,928                    3,763                 

Average  battery-assay,  silver,          .         .  33.44             0.2113                 

Average  tailings-assay,  silver,         .        .  8.77             0.11                    

Average  percentage  saved,      .         .         .  73.78  47.94                     

Pounds  (avoir.)  amalgam,      ,         .         .                  449,333 

Troy  ounces  retort-metal,        .         .         .                  80,958 

Ratio,  retort-metal  to  amalgam,      .         .  1:5.55  

Troy  ounces  retort-metal,        .         .         .                  1,179,376 

Troy  ounces  bars,            ....                  1,110,644 

Loss  in  melting,  ounces,        .        .        .                 68,732 

Loss  in  melting,  per  cent.,      .         .         .  5.83  

Silver  in  bars,  ounces,            .        .        .                 923,336 

Gold  in  bars,  ounces,              .         .         .                 3,763 

Average  fineness  amalgam  (gold  and  silver),  142  

Average  fineness  retort-metal,        .         .  786  

Average  fineness  bars,    ....  835  

Left  in  tailings,  silver,  ounces,        .         .                 331,195 

Left  in  tailings,  gold,  ounces,          .         .                 4,165 

In  these  two  years  the  errors  of  sampling  and  assay  nearly  bal- 
anced each  other,  so  that  the  percentages  of  extraction  given  are 
correct,  whether  calculated  by  comparing  the  ore  and  tailings,  or  ore 
and  bullion. 

Up  to  March,  1884,  the  mill  had  amalgamated  89,608  tons  of  ore, 
estimated  to  contain  4,168,527  ounces  of  silver  and   18,244  ounces 
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of  gold,  and  liad  produced  3,'2'25,110  ounces  of  silver,  and  9454 
ounces  of  gold.  This  would  leave  tailings  containing  about  10.5 
ounces  of  silver,  and  0.098  ounce  of  gold  per  ton,  or  a  value  of 
SI 5.60  at  the  legal  rate  for  silver.  The  actual  value  at  market 
prices,  at  the  time  of  the  operations,  was  about  $12  [>er  ton. 

Concentration  of  the  Tailings. 

The  amount  of  silver  and  gold,  locked  up  in  tailings  which  were 
accumulating  at  the  rate  of  15,000  to  25,000  tons  a  year,  and  were 
worth  about  812  a  ton,  was  so  great  that  its  recovery  became  a  seri- 
ous problem.  The  ore  being  thoroughly  oxidized,  no  benefit  could 
be  expected  from  weathering,  and,  amalgamation  having  failed  once 
to  extract  the  metals  in  the  tailings,  it  was  assumed  that  it  would 
fail  again,  lloasting  and  chlorination  were  prohibited  by  their  cost, 
which  was  not  less  than  $20  a  ton  at  that  time  and  place,  or  twice 
the  value  of  the  tailings.  Guided  by  the  fact  tiiat  the  lead  carbon- 
ate carried  a  high  percentage  of  silver,  experiments  were  immedi- 
ately made  in  concentration.  A  second  amalgamation  was  also  tried 
aud  yielded  about  §1.50  per  ton. 

At  that  day,  the  experience  had  in  concentrating  pan-tailings  was 
not  at  all  reassuring.  Experiments  had  been  made,  but  without 
success,  except  on  ore  that  contained  as  much  as  8  or  10  per  cent,  of 
lead.  Ores  of  3  per  cent,  lead,  like  those  in  Tombstone,  had  not 
been  successfully  treated.  The  outlook  for  utilization  of  the  con- 
centrates was  poor  also.  Xo  iron-ore  for  flux  was  at  hand,  and  the 
only  substance  that  was  free  from  silica  was  limestone.  There  were 
on  the  Company's  property  some  mines  of  manganese  ore,  carrying 
about  20  ounces  of  silver  to  the  ton.  This  ore  would  not  amalga- 
mate well,  and  trials  made  subsequently  proved  that  it  would  not 
concentrate  well. 

Under  these  circumstances,  it  was  determined  to  undertake  con- 
centration of  the  tailings  on  a  large  scale,  and,  if  this  succeeded,  to 
attempt  to  smelt  the  concentrates  in  a  shaft-furnace  with  manganese 
as  the  flux. 

Experiment  showed  that  the  tailings  could  be  concentrated  either 
on  the  Frue  vanner  or  on  the  German  rotating  round  table.  The 
principal  difficulties  experienced  were  from  the  extreme  fineness  of 
the  tails,  which  had  been  stamped  through  screens  of  30  and  40 
mesh,  giving  pulp  of  ^'^  to  ,;\j  inch  diameter  as  a  maximum,  and  from 
this  down  to  the  finest  particle.  The  proportion  of  very  fine  slime 
was  incl'eased  greatly  by  grinding  in  the  pans,  so  that  probably  60 
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per  cent,  of  the  ore  was  in  the  eonrlition  of  slimes  sufficiently  fine  to 
form  a  tenacious  mass,  though  not  more  than  3  or  4  per  cent,  of  clay 
was  present.     In  the  coarse  of  the  work  two  mills  were  built. 

The  First  Concentrating-Mill. 

The  first  contained  six  Frue  vanners  and  three  round  tables,  the 
latter  serving  entirely  as  tailing  machines  to  the  vanners.  An  ordi- 
nary agitator,  such  as  is  found  in  pan-mills,  nine  feet  in  diameter, 
served  to  receive  the  dry  tailings  taken  from  the  old  beds,  and  mix 
them  with  water.  This  mixer  was  connected  with  a  mill  of  fifteen 
stamps,  the  tailings  from  which  ran  directly  to  the  mixer.  The  three 
discharge-plugs,  usual  to  settlers,  were  retained,  but  were  bored  with 
1-inch  holes,  limiting  the  discharge,  so  that  the  pulp  was  kept  at  a 
certain  height  in  the  mixer.  With  about  nine  revolutions  per  minute 
of  the  mixer  arms,  the  current  was  not  sufficient  to  carry  off  the 
heaviest  part  of  the  pulp.  This  settled  to  the  bottom  of  the  mixer, 
and  was  shovelled  out  periodically.  It  was  rich  enough  in  lead  for 
smelting,  and  was  richer  than  any  other  part  of  the  product  in  gold 
and  silver. 

The  rest  of  the  tailings  ran  from  the  mixer  to  the  six  Frue  vanners, 
on  which  it  was  distributed  without  sizing.  The  tailings  from  the 
vanners  were  collected  in  a  belt  elevator,  and  raised  high  enough  to 
run  on  the  round  tables. 

The  vanners  worked  well  when  the  quantity  passed  over  them 
was  restricted,  but  when  it  reached  5  tons  a  day  the  fine  part  of  the 
slimes  was  carried  over  and  lost.  On  this  account  the  saving  of 
lead  in  this  mill  was  much  less  perfect  than  afterwards,  when  facili- 
ties for  handling  larger  quantities  were  obtained.  This  mill  ran 
for  about  a  year  and  a  half.  The  work  done  in  the  first  13  months 
is  shown  by  the  following  table: 

Tons.  Assay,     per    Ton. 

Silver,  oz.,         Gold,  oz.      Lead,  per  ct.      Per  ct. 

Mill-tailings  treated,         .     11,467  13.21  0.22  {?)S.OO  

Production  : 

From  the  mixer,  .  93  62.65  0.48  23.20  

From  the  Frue  vanners,       1,483  45  22  9.58  30.90  

Percentage  saved  by  weight 13.31 

Weight  of  tailings  required  to  make  1  ton  of  concentrates,  7.5  tons. 
Percentage  saved,  by  value;  Silver,  41  29;  Gold,  34.09;  Lead,  50.61. 

Although  the  tailings  treated  in  this  mill  were  estimated  to  con- 
tain 8  per  cent,  of  lead,  it  was  known  that  the  old  beds  as  a  whole 
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would   not   oitntain  more  than  3  per  cent.,  the  stock   for  this   mill 
being  taken  from  the  best  and  richest  parts  of  the  beds. 


The  Second  Concentratinq-Mill. 

The  attempt  to  concentrate  was  not  considered  an  entire  success 
until  the  ronntl  tables  were  put  in.  They  were  introduced  to  pre- 
vent the  loss  of  fine  material  which  passed  over  the  vanners,  and 
they  proveil  to  be  so  well  adaj^ted  to  the  treatment  of  the  finest 
slimes  that  a  new  mill  was  designed  in  which  they  bore  all  the  work 
of  concentrating  the  slimes,  while  jigs  were  made  to  treat  the  coarse 
product  that  had  settled  in  the  mixer.  In  addition  to  these  changes 
sizing  was  introduced,  both  by  trommel-screens  and  by  hoppers  with 
a  rising  current  of  water.  The  old  mixer  was  replaced  by  an  agi- 
tator made  like  a  pug-mill.  It  consisted  of  an  upright  box  30 
inches  square,  with  the  corners  filled  in  to  make  an  octagon.  A 
shaft  making  105  revolutions  per  minute  stands  in  the  center,  and 
carries  a  frame  or  basket  of  |-inch  iron  bars,  which  rotates  just 
within  a  number  of  rods  that  project  inward  from  the  sides  of  the 
agitator.  The  construction  of  this  machine  gave  more  trouble  than 
any  other  part  of  the  mill,  on  account  of  breakages.  At  first  the 
central  shaft  carried  radial  arms  that  ran  between  the  fixed  arms  of 
the  box ;  but  when  the  latter  were  cut  off,  and  the  former  reduced 
to  a  basket  of  vertical  arms  running  past  the  ends  of  the  fixed  rods, 
the  machine  ran  for  months  without  a  stoppage. 

This  mill  was  designed  to  use  dry  tailings  from  the  old  bed.s,  and 
also  the  current  product  of  tailings  from  a  mill  of  20  stamps,  treat- 
ing from  40  to  60  tons  a  day.  The  mill-tailings  were  drawn  from 
the  settlers,  each  of  which  contained  two  pan-charges,  or  about  2f 
to  3  tons  of  ore  with  about  1200  gallons  of  water.  The  discharge 
of  a  settler  took  place  in  about  five  minutes,  and  to  prevent  a  rush 
upon  theconcentrating-machines  the  mill-tailings  were  received  in  a 
box  about  16  feet  long  and  2x2  feet  section,  with  three  discharge 
oj>enings  at  one  end.  When  a  .settler  was  discharged  this  box  would 
fill,  and  the  heavy  tailings  .settled  to  the  bottom.  As  soon  as  the 
flush  was  over  the  surplus  water  would  run  out,  and  the  deposit  in 
the  bottom  of  the  box  was  then  removed  gradually  by  a  stream  of 
clear  water  which  poured  with  .some  force  from  a  spout.  All  of  the 
water  needed  for  mixing  with  the  dry  tailings  pa.ssed  in  this  way 
through  the  "equalizer." 
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The  equalizing-box,  as  this  contrivance  was  called,  discharged 
into  the  agitator  or  mixer,  which  was  fed  with  dry  tailings  by  hand. 

The  dry  tailings  were  wheeled  from  the  old  settling-pits  to  a 
platform,  and  then  shovelled  with  regularity  into  the  agitator. 
Shovelling  stopped  when  the  mill  was  sending  down  tailings,  and 
was  resumed  when  the  flush  began  to  decline.  From  the  agitator 
the  tailings,  now  become  pulp,  ran  to  a  belt  elevator  with  12-ineh 
buckets,  lifting  26  feet  high,  and  entered  the  mill  at  one  corner  of 
the  building.  From  this  point  they  ran  through  two  trommel- 
screens  to  a  series  of  6  hoppers,  forming  the  sizing-apparatus  and 
occupying  the  upper  story  of  the  mill.  The  last  two  of  these  hop- 
pers were  quite  capacious,  holding  probably  600  gallons.  They 
would  fill  to  the  brim  during  a  flush,  but  in  the  intervening  period 
the  water-level  in  them  would  sink  so  low  that  the  discharge-launder 
of  the  fifth  hopper  was  not  covered,  and  the  sixth  received  no  pulp. 
During  a  flush  the  water-level  would  rise  in  the  hoppers  and  their 
spouts  discharged  an  increased  quantity  of  pulp  that  showed  its 
effects  immediately  in  a  thicker  deposit  on  all  the  concentrating- 
machines.  Thus  the  efi^ects  of  flushing  the  tailings  down  from  the 
mill  were  met  partly  by  stopping  the  use  of  dry  tailings,  partly  by 
storage  in  tanks  and  hoppers,  and  partly  by  greater  supply  of  pulp 
to  the  concentrating-machines,  and  it  was  constantly  shown  that  all 
of  these  resources  were  needed  to  reduce  the  fluctuations  due  to  this 
cause  to  their  lowest  possible  value  as  disturbing  factors. 

The  trommels  had  punched  screens  of  3-64th  inch  mesh,  wire 
screens  being  used  also,  but  giving  trouble  from  the  opening  of  the 
meshes.  The  trommel-rosettes  had  round  wrought-iron  spokes, and 
a  1-inch  blank  nut  was  strung  on  each  spoke  to  give  percussive 
action.  Both  trommels  sent  their  through-fall  to  the  line  of  hoppers 
and  their  coarse  stock  to  the  first  jig.  The  second  jig  was  supplied 
from  the  first  hopper,  and  the  second,  third,  and  fourth  hoppers 
supplied  three  round  tables,  while  the  fifth  and  sixth  hoppers  sup- 
plied three  other  round  tables.  The  jigs  had  percussive  action,  the 
pistons  being  carried  by  springs  and  forced  down  by  the  blows  of  a 
ram.  The  speed,  120  strokes  per  minute,  was  not  enough  for  such 
fine  material. 

The  round  tables  were  all  15  feet  in  diameter,  turning  105  times 
in  one  hundred  minutes,  and  had  a  slope  that  varied  from  7  inches 
in  7J  feet  for  coarse  slimes  to  4J  inches  for  fine  slimes.  All  of  them 
were  covered  with  Akron  cenient,  which  is  well  adapted  to  this  use. 
Brushes  were  not  used,  the  ore  being  cleaned  and  the  concentrates 
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vrasheii  off  by  jets  of  water.     These  machines  did  excellent  work. 
The  cement  surface,  combined  with   the  thinning  of  the  stream  of 
pulp  as  it  spread  from  the  center  to  the  circumference,  caused  the 
retention  of  the  fine  carbonate  of  lead  and   other  heavy  minerals 
most  perfectly.     It  was  proved  that  when   the  concentrates  were 
once  depositeii  the  losses  by  cleaning  were  verv  small,  most  of  the 
]a««  occurring  in  the  very  fine  slime  that  ran  over  the  table  on  the 
raw  pulp.     The  mill  was  over-crowded,  and  with  slower  work  it  is 
quite  certain  that  much  better  results  could  be  obtained,  even  upon 
pan-tailings.     Two  jigs  and  six  tables  were  expected  to  treat  120 
tons  a  day,  but  they  frequently   treated  150  to  170  tons  at  a  time 
when  the  tailings  were  so  fine  that  the  jigs  did  not  do  their  proper 
share  of  the  work.     Some  of  the  tables  treated  a  ton  an  hour  con- 
stantly. 

In  considering  the  following  table  it  is  to  be  remembered  also 
that  the  choicest  part  of  the  tailing-beds  had  been  removed  before 
the  second  mill  was  built. 

Concentration. 

AprU  1st,  1883,  to  March  31s<,  1884. 

Old  Mill.  New  Mm.  Total 

Davs  run,    .        .  io«  -..a 

' 1-^0  144  .270 


Tons  treated, 

New  tailings, 

Old  tailings. 

Ore  crushed, 
Product,  tons,      . 
Ratio,  tailings  to  product. 
Per  cent,  saved  : 

f  Gold, 

By  concentrates,  -I  Silver, 
y  Lead, 

(Gold, 
Silver, 
Lead, 


3,346  13,623  16,969 
6,150      6,150 

3.346  7,317  10,663 
156       156 

395.20    1,495  1,890.20 


1:8.9 

48.81 
40.57 
72.06 
55.53 
53.11 
77.61 


The  actual  saving  was  greater  than  the  table  shows.  The  tail- 
ings from  the  tables  on  which  the  finest  slimes  were  treated  were  run 
through  a  series  of  six  settling-tanks,  and  a  product  containing  about 
8  to  10  per  cent,  of  lead  and  12  to  15  ounces  of  silver  obtained.  This 
was  used  as  a  binding  substance  in  making  the  concentrates  into 
bricks,  but  no  account  was  taken  of  this  material  in  estimating  the 
work  of  the  mill.  ^ 

There  were  two  constructive  defects  in  the  mill.     The  sorting- 
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hoppers  proved  to  he  very  inefficient.  It  was  not  necessary  to  sort 
the  stock  closely,  hut  it  was  very  important  to  separate  the  finest 
slime  from  coarser  sizes  ;  and  this  the  hoppers  failed  to  do.  Every 
one  of  the  concentrating-machines  that  depended  on  the  hoppers 
received  a  considerable  proportion  of  slime;  and  it  is  likely  that 
much  of  the  richest  and  heaviest  part  of  this  slime  followed  the 
coarse  table  stock  to  those  tables  which  had  the  greatest  slope  and 
were  least  suited  to  its  treatment.  The  hopper-shape  seems  to  be 
the  worst  that  can  be  utilized  for  the  action  of  a  rising  stream. 
Many  experiments  were  made  to  ascertain  the  source  of  the  losses, 
and  always  with  the  result  of  locating  them  mostly  in  fine  slime 
contained  in  the  pulp  after  it  had  run  over  a  table;  that  is  to  say, 
in  material  that  never  rested  on  the  table-surface.  When  once 
deposited,  the  heavy  portion  of  the  pulp  could  be  washed  clean  with 
very  little  loss. 

The  other  defect  was  remedied  easily  enough.    The  coarser  grains 
of  the  tailings  were  rounded,  and  were  apt  to  run  over  the  table 
surface  without  stopping.     The  Frue  vanners  were  replaced  to  work 
up  this  part  of  the  stock,  and  their  percussive  action  proved  to  be 
useful. 

It  is  impossible  to  say  how  far  the  losses  could  have  been  obviated 
by  a  more  perfect  system  of  sorting.  Very  much  could  have  been 
done,  but  it  is  not  probable  that  the  losses  would  have  been  reduced 
below  25  per  cent.,  except  by  crushing  the  coarse  part  of  the  tail- 
ings so  as  to  unlock  the  minute  particles  of  silver-minerals  inclosed 
in  them.  Probably  one-half  the  loss  was  due  to  this  cause  and 
one-half  to  slimes. 

It  was  proved  conclusively  that  concentrating-machines  can  deal 
successfully  with  the  finest  slimes.  A  seventh  round  table  was 
built  for  the  purpose  of  reducing  the  silica  in  the  extremely  fine 
slimes,  that  were  used  for  binding-materials  in  making  the  concen- 
trates into  bricks.  This  material  was  finer  than  flour,  and  was 
about  like  the  dust  that  rises  on  a  light  wind.  Even  the  heavy 
concentrates  could  be  blown  away  by  a  light  breath,  though  no 
trouble  was  experienced  in  saving  them. 

The  cost  of  the  work  varied  with  the  constantly  increasing  dis- 
tance of  the  tailing-beds  from  the  mill.  The  first  mill  was  run  by 
water-power,  and  used  a  large  proportion  of  tailings  direct  from  the 
araalffumation,  and  under  these  circumstances  the  cost  was  about  92 
cents  per  ton.  When  the  tailings  were  brought  in  by  hand,  water- 
power  being  retained,  the  cost  rose  to  $1.39,  both  of  these  data 
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relatinj^  to  Frue  vannei'S.  When  the  tables  were  put  in  and  a  larger 
quantity  of  material  handled,  and  the  treatment  of  tailings  direct 
from  amalgamation  was  resumed,  the  cost  was  $1.23,  though  steam- 
power  was  use<l  exclusively,  and  increased  the  cost  24  cents  a  ton. 
These  figures  of  cost  cover  the  experimental  stage  of  both  mills, 
and  should  be  reduced  materially  for  regular  and  experienced  work. 
The  quality  of  the  concentrates  was  excellent.  They  contained 
more  than  50  per  cent,  lead,  and  an  amount  of  silver  that  varied 
according  to  the  material  from  which  they  were  made. 

Smelting. 

The  furnace-work  presented  many  interesting  features.  On  ac- 
count of  the  sandy  and  even  dusty  condition  of  the  concentrates 
they  were  made  into  bricks,  at  first  by  hand,  and  afterwards  by  a 
brick-machine.  Xo  clay  was  obtainable,  but  the  pan-slimes  sup- 
plied a  good  binding  material,  though  they  contained  about  85  per 
cent,  of  quartz  and  only  2  to  3  per  cent,  of  clay,  the  remainder 
being  calcite,  manganese,  and  iron  oxides,  various  sulphides,  and 
lead  carbonate.  The  binding  quality  was  due  entirely  to  their 
extreme  fineness  and  the  trituration  they  had  received  in  the  amal- 
gamating pans. 

For  flux  there  was  no  resort  but  to  manganese-ore,  which  con- 
tained as  much  lime  as  the  charge  would  bear.  The  furnace  was 
an  open-topped  shaft  about  11  feet  high,  and  connected  with  iron 
dust-chambers,  which  ended  in  an  iron  chimney  80  feet  high  and 
40  inches  in  diameter.  The  furnace  was  water-cooled,  with  siphon 
lead-tap,  and  did  not  vary  from  the  usual  types  of  American  lead- 
furnaces,  except  that  the  water-jackets  were  of  wrought-iron  and 
built  up  from  channel  iron  and  plates  of  soft  charcoal-iron.  The 
channel-irons,  4|  inches  wide,  formed  the  edges,  and  the  inside 
plate  was  riveted  on,  the  outer  plate  being  put  on  with  patch-bolts. 
Cast-iron  jackets  were  used  at  first,  but  burned  out  or  cracked  uni- 
formly near  the  top.  The  fuel  was  Colorado  coke,  sometimes  with 
English  patent  coke  added.  Charcoal  was  avoided,  except  in  blow- 
ing in.  It  was  very  poor  in  quality,  and,  like  all  other  materials, 
high  in  price.     At  times  the  coke  was  of  the  worst  description. 

When  the  furnace  started  there  was  no  lead  available  for  filling 
the  hearth,  and  the  start  was  made  on  concentrates  that  were  espe- 
cially well  cleaned  for  the  purpose.  The  easy  reduction  of  the  lead 
carbonate  made  this  method  perfectly  practicable,  and  no  trouble 
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was  experienced  from  this  cause.  Manganese  as  a  flux  also  proved 
to  be  entirely  available,  but  it  presented  two  peculiarities.  The 
fluidity  of  the  slag  allowed  less  fusible  impurities  to  settle  rapidly 
and  completely  out  of  it,  and  the  furnace  would  accumulate  crusts 
in  the  hearth  with  great  suddenness.  This  tendency  was  increased 
by  the  absence  of  matte-forming  materials.  The  sulphide  of  man- 
ganese is  dissociated  readily  by  heat,  and  the  small  quantity  of  iron, 
copper,  nickel,  and  antimony  present  were  just  sufficient  to  make 
a  speiss  with  the  arsenic  present.  Usually  the  speiss  ran  out  with 
the  slag;  but  if  anything  occurred  to  stop  the  flow  of  materials 
through  the  hearth,  even  for  a  short  time,  a  crust  was  almost  sure 
to  form,  and  once  formed  it  was  very  hard  to  melt  it. 

The  furnace  was  run  in  every  way  possible  in  order  to  ascertain 
the  best  mode  of  utilizing  the  manganese.  When  the  charge  was 
strongly  basic,  the  furnace  would  melt  50  to  55  tons  a  day,  but  there 
was  a  strong  tendency  to  accumulate  crusts.  With  a  more  acid 
charge,  the  work  was  much  more  regular,  and  the  furnace  melted 
about  40  tons  a  day.  Though  the  composition  of  the  slag  varied 
daily,  owing  to  the  unfavorable  conditions  for  fluxing,  the  slags 
were  always  very  clean  and  remarkably  free  from  combined  lead 
and  silver.  Their  extreme  fluidity  and  the  tenacity  with  which 
manganese  retains  its  oxygen,  and  the  readiness  with  which  it  gives 
up  sulphur,  are  probably  the  causes  which  contribute  to  this  freedom 
from  lead.  The  experience  obtained  indicated  that  manganese 
would  form  an  excellent  flux  in  matting-furnaces. 

The  composition  of  the  slags  varied  so  constantly  that  no  re})re- 
sentative  analysis  can  be  given.  Their  only  striking  characteristic 
was  their  high  proportion  of  manganese,  and  an  analysis  made  for 
Dr.  M.  W.  lies  is  perhaps  the  most  interesting.     It  was 

Silver ►        .  trace. 

Lead, 1.40 

SiO^, 29;60 

FeO, n.56 

CaO, .        .  7.50 

MnO, 43.25- 

ALA. 6.34 

MgO, trace. 

•  99.65 

The  work  done  in  the  first  two  years  is  shown  in  the  following 
tables,  the  work  of  the  first  year  covering  only  six  months  of  actual 
service. 
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Sep(ft}iber,  18S2,  to  March  Slst,  1883. 


Tons. 

Concentrates, 

438 

Tailings, 

438 

Ore 

.      47.92 

Mang-anese,     . 

625.25 

Silver-ln-aring  material, 

Limestone, 

.       33.02 

Slag  recharged. 

260.80 

Cleanings  recharged, 

6.00 

Fillies, 

Colorado  coke. 

168.17 

English  coke, 

81.00 

Charcoal 

67.84 

Total  material,    . 

2166.00  tons 

Percentage  of  cliarge. 

23.65 

23.65 

2.70 

33.80 


1549.17 


1.80 
14.40 


299.82 


317.01 


83.80 


16.20 
100.00 


17.15 


Product. 


Number  of  bars,     . 
Tons  of  bullion. 
Containing  silver,  ounces, 
Containing  gold,  ounces, 
Containing  lead,  tons,    . 


2,708 

144.88 

45,538.37 

332.81 

144.44 


AprU  1st,  1883,  to  March  Slst,  1884. 


Days  run,          .... 

279 

Materials  used.     Percentages 
Tons  per       Total            of 
charge.         tons.      charges. 

Number  of  charges,  . 
"Weight  of  charge,    . 
Concentrates,  slums  and  flue-dust, 

Ore 

Manganese,       .... 

.     21,829 

0.390 
0.137 
0.052 
0.161 

8,512.152 
2,999.000 
1,130.082 
3,511.000 

35.2 
13.2 
41.2 

Limestone,       .... 

0.006 

124.070 

01.4 

Slag  and  cleanings,  . 

American  coke,        .        .         .        . 

0.034 

748.000 
1,269.180^ 

09.2 

English  coke,  .         .         .         .        . 
Charcoal,] 

464.000  [ 
52.400  i 

Total. 


100.2 


21.329 


Product. 


Number  of  bars. 
Shipments,  tons, 
Containing  silver,  ounces. 
Containing  gold,  ounces, 
Containing  lead,  ton.s. 


11,851 
654.470 
193,560.7 
1,178.6 
645.84 
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MAGNESIUM  CABBONATE  AS  A  NON-CONDUGTOB  OF  HEAT. 

BY   E.    LI7TTGEN,    AMBLER,    PA. 

(Scranton  Meeting,  February,  1887.) 

The  substance  referred  to  in  the  title  is  the  artificially  prepared 
basic  carbonate  of  magnesia,  a  compound  of  the  carbonate  with  the 
liydroxide.  It  is  the  *'  block-magnesia"  of  commerce,  the  magnesia 
alba  of  the  pharmacist.  Its  composition,  though  somewhat  indefi- 
nite, may  usually  be  expressed  by  the  formula  :  4MgC03,Mg(OH)2, 
511^0;  it  is  found  to  vary  slightly  with  the  details  of  the  method 
of  preparation.  This  substance  has  been  employed  recently  with 
much  reported  success,  as  a  non-conductor  of  heat.  It  is  moulded 
to  form  coverings  suitable  for  steam-pipes  and  their  fittings  and 
sectional  jackets  for  boilers  and  cylinders;  it  is  furnished  also  in 
forms  suitable  for  lining  refrigerators,  walls  and  roofs  of  buildings, 
fire-proof  safes,  etc.  It  was  with  a  view  of  ascertaining  the  effi- 
ciency of  this  material  as  a  non-conductor,  or,  rather,  its  relative 
efficiency  among  the  various  non-conducting  materials  in  use,  that 
the  writer  made  the  experiments  about  to  be  described. 

A  block  of  magnesium  carbonate  or  magnesia  alba  exhibits  some 
interesting  physical  qualities.  It  is  a  smooth,  white,  close-grained 
solid,  in  outward  appearance  resembling  a  block  of  Paris  plaster. 
It  possesses  the  lightness  of  cork,  the  porosity  of  sponge,  and  withal 
a  degree  of  firmness  and  strength  that,  in  view  of  its  levity,  is  quite 
remarkable.  To  examine  more  closely  the  properties  of  this  sub- 
stance, a  number  of  1-inch  cubes  were  sawed  from  the  commercial 
block-carbonate,  also  some  bricks,  that  is,  blocks  measuring  accu- 
rately 2x  4  X  8  inches,  the  dimensions  of  an  ordinary  brick.  The 
cubes  weighed  from  2.2  to  2.7  grammes,  the  bricks  weighed  140  to 
175  grammes  (5  to  6  ounces).  The  bricks  were  carefully  measured 
and  weighed,  and  placed  in  vessels  containing  distilled  water,  in 
which  they  became  gradually  submerged,  owing  to  the  displacement 
by  water  of  the  air  inclosed  in  the  structure  of  the  magnesium  car- 
bonate. After  twenty-four  hours  the  blocks  were  removed  from 
the  water,  dried  superficially  by  contact  with  filter-paper  and 
weighed.  From  the  increase  in  weight,  the  volume  of  the  water 
absorbed,  and  consequently  that  of  the  air  displaced  by  it,  were 
obtained.     For  example:  a  block  which  when  dry   weighed  155 


MAGNESIUM   CARBONATE   AS   A    NON-CON DUCIXIR   OF   HEAT.      615 

grammes  and  measured  104S  cubic  centimeters,  after  immersion  in 
water,  weii^hetl  113S  grammes,  an  increase  of  983  grammes,  corre- 
sponding to  983  cubic  centimeters  of  water  absorbed.  "We  have 
then  the  ratio  of  9S3  to  1048,  or  03.8  per  cent.,  as  the  proportion 
by  vohime  of  air-cells  in  the  block  of  magnesium  carbonate.  Other 
blocks  treated  in  the  same  way  gave  results  ranging  between  92  and 
94.5  per  cent,  of  air-cells.  Blocks  of  magnesium  carbonate,  upon 
being  saturated  with  water,  undergo  no  change  of  size  or  shape,  and, 
upon  drying,  resume  their  previous  condition. 

To  ascertain  the  strength  of  the  blocks,  a  1-inch  cube  was  placed 
between  two  small  boards  upon  a  level  surface.  Weights  were  then 
piled  upon  the  upper  board  until  the  cube  collapsed.  It  required 
85  to  90  pounds  to  crush  a  1-inch  cube.  In  moulding  the  magne- 
sium carbonate  into  coverings  for  pipes,  boilers,  etc.,  the  manufac- 
turers incorporate  with  it  a  certain  proportion  of  the  soft  woolly 
asbestos  fiber.  This  admixture  has  been  found  by  analysis  to 
amount  to  from  7  to  8  per  cent.,  and  its  purpose  is  to  make  the 
coverings  stronger  and  more  capable  of  withstanding  rough  hand- 
ling in  transportation.  This  purpose  it  seems  to  accomplish,  at  the 
same  time  depriving  the  coverings  only  to  a  slight  extent  of  the 
lightness  and  porosity  of  pure  magnesia  alba.  "Bricks"  of  this 
fibrous  magnesia  weighed  about  7  ounces,  and  were  found  to  contain 
from  90  to  92  per  cent,  of  air-cells;  and  the  cubes  were  capable  ot 
resi.stiug  a  greater  pressure  than  were  those  of  the  unmixed  carbonate. 

In  investigating  the  value  of  a  non-conducting  material,  the 
first  of  the  various  essential  qualities  to  be  considered  is,  naturally, 
the  non-conductivity.  The  question,  what  method  shall  be  employed 
to  compare  the  conductivity  of  various  materials,  is  somewhat  per- 
plexing. The  methods  that  have  been  pursued  have  been  subjected 
to  much  censorious  criticism,  sometimes  just,  sometimes  unreason- 
able. While  the  quantitative  results  that  have  been  obtained  may 
not,  in  view  of  the  greater  or  less  inexactness  of  the  methods  avail- 
able, be  strictly  accurate,  there  is  little  doubt  of  the  conformity  of 
their  comparative  indications  respecting  the  various  materials  tried. 
The  experiments  of  Profe&sor  Ordway,*  with  the  exception  of  those 
upon  the  air-chamber  method,  were  directed  towards  obtaining 
quantitative  results,  towards  ascertaining  the  number  of  heat-units 
radiated  through  a  given  length  of  a  given  pipe-covering  in  a  given 
time.     Whatever  doubts  may  exist,  in  view  of  the  difficulties  of 

*  Trans.  Am.  Soc  Mech.  Eng.,  vols.  v.  and  vi. 


616      MAGNESIUM    CARBONATE   AS   A    NON-CONDUCTOR   OF    HEAT. 

making  such  determinations,  of  the  accuracy  of  the  quantitative 
results  that  were  obtained,  the  experiments  furnished  a  criterion  of 
the  comparative  values  of  the  materials  tried;  and  for  this  reason 
Professor  Ordway's  report  was  a  very  welcome  acquisition  to  the 
meager  literature  of  non-conducting  materials. 

In  the  present  case,  it  was  desired  to  subject  the  carbonate  of 
magnesia  covering,  together  with  some  of  the  covering-materials 
most  widely  used,  to  a  comparative  trial  by  some  simple  and  expe- 
ditious method  of  testing;  the  time  and  facilities  for  erecting  long 
lines  of  steam-pipe  for  the  trials  not  being  available.     The  first 


_a 


Fig.  I. 

Apparatus  for  Testing  Non-Conductors  by  Measurement  of  Temperature  Lost 
through  Radiation. 


method  tried  was  based  upon  the  hypothesis  that  if  equal  metallic 
cylinders  be  filled  with  a  hot  liquid  and  encased  with  different  non- 
conducting materials,  the  rapidity  of  fall  in  temperature  of  the  liquid 
is  proportional  to  the  rapidity  of  radiation  through  the  coverings. 
The  form  that  suggested  itself  as  the  most  convenient  in  which  to 
experiment  with  non-conducting  materials  was  that  in  which  they 
are  applied  to  2-inch  pipe.  The  apparatus  is  shown  in  Fig.  1. 
The  cylinders  were  made  of  light  tin-plate,  and  were  12  inches 
long  by  2|  inches  external  diameter ;  the  upper  end  being  fur- 
nished with  a  neck  for  corking.  From  each  of  the  materials  to 
be  tried  a  cylinder  12  inches  in  length  and  fitting  the  tin  closely 
was   cut,  and    also  a  disk   of  the  same  material   for   the   top  and 


MAGNESIUM   CARBONATE   AS   A   NON-CONDUCTOR  OF   HEAT.      617 

bottom,  the  upper  disk  being  perforated  to  admit  the  neck  of  the 
tin  cylinder.  The  cylinders;,  alter  being  properly  encased  by  the 
coverings  to  be  trieil,  were  filled  with  boiling  water,  and  the  ther- 
mometers inserted  through  the  perforated  corks.  The  fiill  in  tem- 
perature of  the  water  was  noted  at  regular  intervals,  and  it  was 
found  that  repetitions  of  the  experiment  under  like  conditions  gave 
results  agreeing  closely.  Hot  glycerine  was  substituted  for  the 
water,  and  with  this  a  much  higher  temperature  was  obtained.  It 
was  found,  however,  that  the  relative  efficiency  of  the  non-conductors 
was  not  the  same  under  all  conditions;  for  when  the  cylinders  and 
their  coverings  were  heated  by  exposure  over  night  in  an  oven  at  a 
temperature  of  270°  F.,  the  relative  conductivity  was  reversed  with 


Apparatus  for  Testing  Non-Conductors  by  Measurement  of  Water  Condensed. 


respect  to  several  of  the  non-conductors.  It  was  accordingly  decided 
to  abandon  this  method  of  testing  for  one  in  which  the  conditions 
should  approximate  more  closely  to  those  of  actual  practice. 

The  apparatus,  of  which  Fig.  2  presents  a  side-view,  was  now 
constructed  for  the  experiments.  A  is  a  2-inch  pipe,  which  supplies 
steam  directly  from  the  boilers,  50  feet  distant.  It  is  connected  at 
c  by  a  tee  with  the  pipe  E,  which  forms  a  pocket  for  the  collection 
and  removal  of  any  water  that  may  form  by  condensation  between 
h  and  the  boilers.  A  cross  x  is  attached  to  c  by  a  nipple  o.  To  the 
horizontal  arms  of  the  cross  the  tee's /are  attached  by  short  nipples. 
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From /the  steam  passes  through  the  nipple  g  and  the  elbow  h  into 
the  pipe  K.  ^is  a  2-inch  pipe,  6  feet  in  length,  and  closed  at  its 
lower  end  by  a  cap  I,  connected  with  the  stopcock  m,  by  means  of 
which  the  condensed  water  may  be  drawn  off  and  measured.  The 
pipe  K  is  covered  throughout  its  length  with  the  material  to  be  tested, 
and  for  each  covering-material  there  is  a  separate  pipe  exactly  like 
K.  The  main  steam-pipe  A,  leading  from  the  boilers,  and  the  fittings 
c,  o,  X,  f,  g  and  h  are  well  wrapped  with  a  covering  of  hair-felt,  in 
order  that  the  steam  entering  the  branch-pipes  K  may  be  as  dry  as 
possible.  The  caps  I  are  wrapped  with  cotton-wool,  so  that  the 
condensation  within  them  shall  be  at  a  minimum.  At  _p  is  a  steam- 
gauge,  which  indicates  the  pressure. 

The  coverings  submitted  to  trial  are  enumerated  below.  A  suffi- 
cient quantity  of  each  for  covering  6  feet  of  2-inch  pipe  was  pur- 
chased from  the  manufacturers  or  their  agents. 

1.  Hair-Felt. — This  was  wrapped  around  the  pipe  in  single  thick- 
ness and  secured  by  twine  wound  spirally  about  it.  Around  the 
hair-felt  was  wrapped  a  covering  of  ordinary  burlap  of  single  thick- 
ness, also  fastened  by  twine  wound  spirally.  The  covering  was  4^ 
inches  in  diameter  and  weighed  ]2|  ounces  per  linear  foot. 

2.  Sectional  Carbonate  of  Magnesia  Covering,  made  by  the  Mag- 
nesia Sectional  Covering  Company,  Philadelphia. — This  consisted 
of  hollow  cylinders  of  the  magnesia  compound  already  described,  3 
feet  in  length  and  bisected  longitudinally.  The  two  halves  are  held 
together  by  a  jacket  of  asbestos  paper,  which  forms  a  hinge.  The 
covering  is  closed  about  the  pipe  and  secured  by  bands  of  japanned 
hoop-iron  disposed  at  intervals  of  18  inches.  This  covering  was  4^ 
inches  in  diameter  and  weighed,  with  the  bands,  20^  ounces  per 
linear  foot. 

3.  Sectional  Carbonate  of  Magnesia  Covering,  the  same  as  No.  2, 
but  having  a  jacket  of  cotton  duck  or  light  canvas  instead  of  the 
asbestos-paper  jacket.     Weight  same  as  No.  2. 

4.  Sectional  Mineral  Wool  Covering.,  made  by  the  American  Steam 
Covering  Company,  New  York.  A  hollow  envelope  of  asbestos 
paper,  lined  with  mineral  wool  or  spun  slag,  and  having  an  exterior 
jacket  of  cotton  drill  or  muslin.  The  covering  is  secured  to  the 
pipe  by  twine  and  bands  of  muslin,  or  by  pasting  down  the  project- 
ing flap  of  asbestos  paper.  Diameter  5J  inches.  Weight  28f 
ounces  per  linear  foot. 

5.  Chalmer-Spence  Company's  Patent  Removable  Coverings. — 
These  consist  of  hollow  cylinders  of  a  complex  structure.     Nearest 
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the  I'ipe  is  a  layer  of  asbestos  paper,  next  a  layer  of  asbestos  fiber, 
then  a  layer  of  sheatiung  paper,  next  a  layer  of  hair-felt,  and  upon 
this  another  layer  of  sheathing  paper.  One  side  of  the  hollow 
cylinder  is  eut  lengthwise,  and  to  apply  it  to  the  pipe,  the  meeting 
eilges  are  drawn  apart,  the  cylinder  sprung  upon  the  pipe,  and 
fastened  with  double-pointed  tacks.  The  joints  are  covered  by 
bands  of  sheathing-paper.  Weight,  with  6  double-pointed  tacks, 
28^  ounces  per  linear  foot.     Diameter  4|  inches. 

6.  Bradley's  Insxilated  Air  Covei'ing,  made  by  Shields  &  Brown, 
New  York. — Hollow  cylinders  3  feet  long,  consisting  of  nineteen 
layers  of  stout  paper.  Nearest  the  pipe  is  a  sheet  of  asbestos  paper, 
next  two  sheets  of  sheathing-paper,  one  sheet  asbestos  paper,  two  of 
sheathing-paper,  another  of  asbestos  paper,  and  twelve  more  of 
sheathing-paper.  The  sheathing-paper  is  alternately  smooth  and 
pressed  or  embossed.  The  cylinders  are  placed  upon  the  pipe, 
the  edges  drawn  together  and  secured  by  double-pointed  tacks,  and 
the  joints  sealed  with  strips  of  paper.  Diameter  4|  inches.  Weight, 
with  tacks,  27 1  ounces  per  linear  foot. 

7.  Reed's  Pipe  Covering. — Paper  cylinders  composed  of  about 
twelve  sheets  of  paper,  the  inner  one  of  which  is  asbestos  paper. 
The  covering  is  applied  in  the  same  manner  as  No,  5,  by  forcing 
open  the  edges  and  springing  upon  the  pipe.  Diameter  4^  inches. 
Weight,  with  tacks,  26|  ounces  per  linear  foot. 

8.  Fossil  Meal  Pipe  Covering,  from  the  Fossil  Meal  Company, 
New  York, — A  dry  mixture  of  diatomaceous  earth  with  organic 
fiber  (hair,  manilla,  etc.).  Contains  probably  also  some  starchy 
material  like  flour.  It  is  mixed  with  water  and  applied  to  the  pipe 
with  a  trowel.  Diameter  of  covering  3f  inches.  Weight  24  ounces 
per  linear  foot. 

Six  feet  of  each  of  these  coverings  was  applied  in  the  proper 
manner  to  the  inclined  pipes  K.  The  pipes  are  parallel  and  placed 
at  such  intervals  that  about  3  inches  space  intervenes  between  the 
coverings.  They  all  receive  their  steam  from  the  main  pipe  A,  of 
which  they  are  branches.  At  each  end  of  the  series  is  an  extra  pipe 
JT,  also  covered,  which  serves  to  place  the  first  and  last  of  the  cover- 
ings under  trial  in  as  nearly  as  possible  the  same  circumstances  as 
the  others.  The  pipes  were  located  in  a  small  engine-room  adjacent 
to  the  boiler-room ;  the  doors  and  windows  were  kept  closed,  so 
that  there  should  be  no  drafts  of  air  during  the  trials.  On  the 
mornings  of  the  days  of  the  trials,  the  steam  was  admitted  into  the 
apparatus,  the  stopcocks  m  being  closed,     xit  the  end  of  each  hour, 
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the  water  condensed  in  the  pipes  ^was  drawn  off  into  graduated 
cylinders  and  measured.  It  was  found  that  during  the  forenoon  the 
condensations  became  less  each  hour,  and  it  was  not  until  2  or  3 
o'clock  in  the  afternoon,  when  everything  was  heated  to  the  maxi- 
mum, that  the  condensations  became  uniform.  At  this  point  the 
conditions  of  actual  practice  are  established,  and  the  rate  of  conden- 
sation now  existing  is  that  by  which  we  have  to  judge  the  efficiency 
of  the  different  covering-materials.  The  trials  were  continued  several 
days,  and  there  was  no  material  difference  between  the  results  ob- 
tained during  the  different  days.  The  pressure  of  steam  ranged 
between  65  and  75  pounds  to  the  square  inch  during  the  trials,  and 
the  temperature  of  the  room  was  about  70°  F.  The  condensation 
within  the  caps  I,  which  were  well  wrapped  with  cotton-wool,  was 
unimportant  with  respect  to  that  of  the  6  feet  of  pipe,  and  was  dis- 
regarded in  calculating  the  results.  The  condensation  in  the  differ- 
ently covered  pipes  was  as  follows  : 


No.  1.  Hair-felt, 

.     208 

grammes 

,  or  34§ 

grammes  per  f 

"   2.  Carbonate  magnesia. 

.     227 

37f 

"   3.  Carbonate  magnesia, 

.     228 

38 

"   4.  Mineral  wool, 

.     231 

38^ 

"   5.  Chalmer-Spence,     . 

.     250 

41§ 

"   6.  Shields  &  Brown,   . 

.     255 

42^ 

"   7.  Reed's,    . 

.     270 

45 

"   8.  Fossil  meal,     . 

.     345 

57J 

The  average  temperature  of  the  steam  being  150.5°  C.  (302.9°  F.) 
its  latent  heat  was  501.9°  C.  (935.4°  F.).  The  condensation  in  No. 
1  was  34f  grammes  per  foot  per  hour.  We  have  then,  as  the  loss 
by  condensation,  34f  X  501.9  X  TiiW  =  17.39  kilogramme-centi- 
grade heat-units  per  foot  per  hour.  In  the  same  way  we  may  deduce 
for  the  other  materials : 


No.  2,  . 

.    18.97 

"   3,  .        . 

.     19.07 

"   4,  . 

.    19.32 

"   5,  . 

.     20.90 

"   6,  .        . 

.     21.33 

"  7,  . 

.     22.58 

"  8,  .        . 

.     28.86 

18.97  kilogramme-centigrade  heat-units  per  foot  per  hour. 


These  results  may  be  reduced  to  pound-Fahrenheit  heat-units  by 
multiplying  by  §  X  2.205.     This  gives  for : 
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No.  1,          .        .        .        .  69.02  pound-Fiihrenheit  heat-units  per  foot  per  Iionr. 

"2,          ....  75.-29  "  "  "  " 

"8 75.68  "  "  "  " 

"4 7t).6S  "  "  "  " 

"5 82.95  "  "  "  " 

"6 84.ti5  "  "  " 

"7 89.62  "  "  "  " 

"   S 114.54  "  "  "  " 

From  these  experiments  it  appears  that,  of  the  materials  tried, 
the  hair-felt  covering  was  the  most  non-conducting.  The  magnesia 
covering  rankeil  next,  and  close  upon  it  came  the  mineral  wool. 
Following  this  came  the  paper  coverings,  and  finally  the  fossil  meal. 

All  non-conducting  materials  may  be  divided,  with  respect  to 
their  composition,  into  two  classes:  1,  Those  composed  essentially 
of  org-anic  substances,  as  hair,  paper,  straw,  etc. ;  and  2d,  those 
consisting  of  natural  or  artificial  mineral  substances,  as  asbestos, 
magnesia,  slag-wool,  etc. 

Of  all  the  organic  substances  that  have  been  employed  as  non- 
conductors, there  is  probably  none  that  merits  recognition  as  a  cover- 
ing material  for  hot  steam-pipes.  This  fact  has  been  more  saliently 
thrust  upon  the  attention  of  steam-users  from  year  to  year,  by  the 
fires  the  origin  of  which  is  ascribed  to  the  combustibility  of  this  class 
of  pijje-covering  materials.  The  solicitude  of  the  insurance  com- 
panies has  been  enlisted  in  the  subject,  and  they  have  rej^eatedly 
instituted  very  exhaustive  investigations  by  scientific  men,  whose 
reports  on  these  experiments  form  the  major  part  of  the  literature  of 
non-conducting  materials.  Several  of  these  materials,  the  paper 
coverings  especially,  are  known  to  have  taken  fire  spontaneously 
after  being  exposed  for  a  long  time  to  the  heat  of  pipes  carrying 
steam  under  ordinary  pressures.  And  those  of  the  organic  materials 
that  do  not  burst  into  flame  under  the  conditions  prevailing,  are, 
with  few  exceptions,  subject  to  deterioration  by  charring,  which 
proceeds  with  a  rapidity  and  to  an  extent  that  depends  upon  the 
temi>erature  of  the  steam  used.  Aside  from  the  possible  danger  of 
conflagrations  from  these  charring  and  tinder-like  substances,  the 
changes  which  they  undergo  usually  impair  their  non-conducting 
qualities.  A  covering  of  hair-felt  upon  a  steam-pipe,  especially 
upon  a  horizontal  pipe,  will  soon  become  so  charred  upon  the  inside, 
the  hair  assuming  a  pulverulent  condition,  in  which  it  has  been 
compared  to  snuff,  that  the  covering  hangs  tangentially  to  the  pipe, 
forming  a  channel  or  flue  along  the  pipe,  through  which  a  free  cir- 
culation of  air  and  escape  of  heat  will  take  place,  if  perehanee  there 
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be  any  openmg  in  the  covering.  It  has  been  attempted  to  prevent 
the  charring  of  these  substances  by  the  interposition  of  air-spaces 
and  of  layers  of  asbestos  paper  between  the  covering  material  and 
the  pipe,  but  these  attempts  have  met  with  only  partial  success. 
Asbestos  paper  is  a  fair  conductor  of  heat,  and,  while  it  somewhat 
retards,  does  not  prevent  this  charring.  Some  of  these  fibrous  or- 
ganic substances,  such  as  hair-felt,  cotton-wool,  etc.,  are,  in  their 
normal  condition,  excellent  non-conductors  of  heat;  and  it  is  to  be 
regretted  that  they  retain  their  desirable  qualities  for  only  a  limited 
time  and  are  too  often  subject  to  the  liability  of  taking  fire. 

The  mineral  non-conducting  materials  are,  as  a  class,  less  non- 
conducting than  those  composed  of  organic  substances,  but  they 
are  also  less  liable  to  deterioration,  and  enjoy  an  immunity  from 
danger  of  fire.  Asbestos,  which  has  been  used  to  some  extent  for 
covering  steam-pipes,  is  a  tolerably  good  conductor  of  heat,  and  there 
seems  to  be  little  reason  for  its  application  as  a  pipe-covering  mate- 
rial. The  province  of  asbestos  is  rather  that  of  a  very  convenient 
incombustible  fibre,  than  that  of  a  non-conductor  of  heat.  It  is 
only  when  the  fibre  is  in  a  very  soft  and  downy  condition,  and  full 
of  air,  that  asbestos  is  of  much  value  as  a  non-conductor.  But  in 
this  respect  it  never  approaches  the  nature  of  the  structure  of  slag- 
wool,  which  is,  at  least  when  fresh,  an  excellent  non-conductor 
of  heat.  The  mineral  wool  consists  of  a  mass  of  extremely  fine 
interlocking  fibers  which  form  multitudes  of  minute  air-chambers,  to 
which  is  due  the  non-conductivity  of  the  substance.  The  fiber  is, 
however,  extremely  glass-like  and  brittle  and  will  not  bear  much 
handling.  It  doubtless  merits  the  reputation  which  it  has,  of  be- 
coming broken  and  pulverized  by  repeated  heating  and  cooling,  and 
by  the  vibrations  and  jarring  of  steam-pipes.  The  powder  then 
collects  at  the  bottom  of  the  paper  .bags,  leaving  the  top  of  the  pipes 
comparatively  unprotected.  This  reputation  the  mineral  wool  shares 
with  the  asbestos  fiber,  but  is  certainly  more  entitled  to  it  than  the 
latter  substance.  Much  has  been  said  of  the  corrosive  action  of 
mineral  wool  upon  iron  pipes,  and  Professor  Egleston,  in  a  paper 
read  before  the  American  Society  of  Civil  Engineers,*  has  dem- 
onstrated that  under  certain  adverse  conditions  such  a  corrosion 
does  take  place.  But  it  is  probable  that  mineral  wool  made  from 
slags  that  are  free  from  sulphates  and  sulphides,  those  of  lime  par- 
ticularly, will  not  be  liable  to  this  objection,  especially  if  dampness 
of  the  coverings  be  avoided. 

*  Trans.  Am.  Soc.  Civil  Eng.,  xii.,  253. 
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The  liigh  degree  of  excellence  of  the  carbonate  of  magnesia  cov- 
erings is  due  to  the  myriads  of  microscopic  air-cells  occluded  in  the 
magnesia  alba,  and  to  its  entire  freedom  from  crystalline  structure. 
The  paper  coverings  show  a  fair  degree  of  non-conductivity,  but 
have  the  drawback  of  being  short-lived  and  hazardous.  The  mineral 
wool  gave  better  results,  but  the  covering  was  also  much  thicker 
than  the  paper  cylinders.  Fossil  meal  was  the  poorest  of  the  non- 
conductors tried,  probably  because  of  its  too  great  density.  The 
covering  was,  however,  little  over  five-eighths  of  an  inch  thick,  and 
a  greater  thickness  mijiht  have  o-iven  better  results.  This  thickness 
(I  inch)  is  that  recommended  by  the  makers,  and  the  quantity  sent 
bv  them  to  fill  an  order  for  covering  6  feet  of  2-inch  pipe,  was  no 
more  than  sufficient  to  yield  a  covering  about  five-eighths  of  an  inch 
in  depth. 

For  ease  of  application  and  removal,  none  of  the  materials  tried 
equaled  the  magnesia  coverings.  The  sections  can  be  applied  to  the 
pipes  at  a  rapid  rate  by  means  of  the  convenient  metallic  straps. 
Next  come  the  mineral-wool  coverings,  and  the  paper  cylinders 
which  are  secured  by  staples,  then  the  hair-felt,  and  lastly  the  fossil 
meal.  The  application  of  the  latter  material  requires  some  practice: 
a  mason  was  occupied  the  greater  part  of  a  day  in  plastering  the 
6-foot  pipe  experimented  with. 

In  point  of  appearance  the  above  order  also  prevails,  the  magnesia 
sections  being  the  handsomest,  and  the  mud-like  and  uneven  fossil- 
meal  paste  the  least  sightly  of  the  coverings.  The  slight  difference 
of  radiation  between  the  asbestos- paper-covered  and  the  canvas- 
covered  magnesia  sections,  was  more  probably  due  to  an  accident  in 
the  manufacture,  than  to  the  difference  in  the  jacketing  material. 
When  absolute  indestructibility  of  the  external  jacket  is  less  a  de- 
sideratum than  beauty  of  exterior,  the  woven  jackets  are  to  be  pre- 
ferred. A  coat  of  water-glass  or  other  fire-proof  paint  would  serve 
to  render  them  uninflammable. 

\Vith  reference  to  the  economy  and  cost  of  non-conducting  mate- 
rials, it  may  be  said  that  the  material  which  is  in  the  greatest  degree 
non-conducting,  incombustible  and  durable,  will  prove  the  most 
economical,  even  though  its  first  cost  be  greater  than  that  of  an 
inferior  article.  Experiments  with  naked  pipes  show  that  a  2-inch 
pipe  carrying  steam  at  60-pounds  pressure,  will  condense  180 
grammes  per  foot  per  hour.  Covered  with  a  good  covering  like 
magnesium  carbonate,  the  condensation  will  be  but  38  grammes  per 
foot  per  hour,  a  saving  of  142  grammes  per  foot  per  hour,  which  is 
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equivalent  to  3.13  pounds  of  steam  per  day  of  ten  hours  for  each 
foot  of  pipe  covered.  The  covering  of  100  feet  of  pipe,  then,  will 
save  in  a  year  of  300  ten-hour  days,  the  coal  necessary  to  convert 
93,900  pounds  of  water  into  steam.  One  pound  of  bituminous  coal 
is  capable  of  making  about  8.5  pounds  of  steam,  so  the  saving  of 
coal  due  to  the  100  feet  of  covering  would  be  5|  tons  per  year, 
which,  at  f  4  per  ton,  amounts  to  $22.  The  real  saving  will  probably 
amount  to  more  than  this  estimate  in  most  cases;  and  it  maybe  said 
in  round  terms,  that  the  100  feet  of  covering  causes  each  year  a 
saving  of  its  own  first  cost  ($25).  Inasmuch  as  the  material  pays 
for  itself  in  a  year,  and  will  last  indefinitely  under  ordinary  condi- 
tions, its  advantageousness  is  beyond  question. 

From  all  that  precedes,  the  conclusion  drawn  regarding  the  mag- 
nesium carbonate  coverings  is  that  they  are  the  lightest  and  most 
durable  of  all  the  mineral  non-conductors,  and  the  handsomest  and 
most  efficient  of  all  coverings  for  steam-pipes. 

The  appended  table  presents  a  resume  of  the  results  of  the  experi- 
ments. 

Pound- 
Diameter  of   Weight  per    Condensed    Kilo.-Cent.    Fahr. 
covering.  foot  in        grammes  heat-         heat- 

Description  of  covering.  Inches.  ozs.  av.         per  foot  units  units 

per  hour.       per  foot      per  foot 
per  hr.       per  hr. 

1.  Hair-felt.    Wrapped  with  twine. 

Burlapjacket 4}^  12^  34,66  17.39  69.02 

2.  Sectional    carbonate    magnesia. 

Asbestos  paper  jacket.    Bands..  4J^  20]4,  37.83  18.97  75.29 

3.  Sectional    Carbonate    Magnesia. 

Canvas  jaclcet.    Bands 4^  20i^  38.00  19X)7  75.68 

4.  Sectional  mineral  wool.  Asbestos 

paper,  mineral  wool,  muslin 5%  28%  38.50  19.32  76.68 

5.  Chalmer-Spence   Co.'s   covering. 

Asbestos,  hair-felt,  paper 41^  281^  41.66  20.90  82.95 

6.  Shields  &  Brown's  covering.    As- 

bestos paper,  sheathing-paper...  i%  27J^  42.50  21.33  84.65 

7.  Reed's  covering.    Asbestos  paper, 

felt  paper i%  26%  45.00  22.58  89.62 

8.  Fossil  meal  pipe-covering.   Fossil 

meal,  organic  fiber„ 3%  24  57.50  28.86  114.54 


Postscript. 

Since  the  foregoing  was  written,  the  author  has  received  for  ex- 
amination a  sample  of  Ainsworth's  Plastic  Pipe  Covering.  This  is 
a  smooth,  plastic,  putty-like  material,  which  appears  to  consist 
essentially  of  clay,  paper-pulp  and  hair.  It  is  applied  to  the  pipe 
with  a  trowel  and  forms  a  covering  similar  in  appearance  to  the 
fossil  meal  covering  (No.  8).     It  was  tested  in  connection  with 
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the  Magnesia  Sectional   Covering  (No.  3)   in  the   manner  ah-eady 
describe<h     Tlie  result  of  several  trials  was  as  follows: 

Poimd- 
Piameter    Weight  per   Condensed  Kilo.-Cent.     Falir. 
in  foot  in       praninies         heat-  heat- 

inches,         ozs.  av.        per  foot  niiits  units 

per  hour,      per  foot      per  foot 
per  hour,  per  hour. 

No.  9.  Ainsworth's  plastic  covering 4><  66  90.6  48.48  192.14 

No.  3.  Magnesia  sectional  covering 4\l  20»4  38.0  19.07  75.68 

The  inefficiency  of  the  Ainsworth  covering  as  a  non-conductor  of 
heat  is  due  to  its  greiit  density  and  comparative  lack  of  porosity. 


APPABATUS   FOR  VOLUMETBIC  DETERMINATIONS    WITH 
POTASSIUM  PERMANGANATE. 

BY  CLEMENS  JONES,  B.S.,  HOKENDAUQUA,  PA. 
(Scranton  Meeting,  February,  1887.) 

A  FORM  of  apparatus  for  volumetric  determinations  which  shall 
possess  the  features  requisite  for  the  constant  use  of  potassium  per- 
manganate, is  a  very  desirable  fixture  in  a  well-appointed  laboratory. 
Expedients  to  economize  time  and  insure  accuracy  are  generously 
employed  for  various  other  reagents,  while  the  permanganate  seems 
to  have  been  consigned  to  the  use  of  an  ordinary  burette,  and  a  black 
bottle  of  the  standardized  solution.  But  the  introduction  of  new 
methods  dependent  on  the  permanganate,  and  the  urgency  of  tech- 
nical requirements  where  it  has  long  been  indispensable,  require  a 
revision  of  practice  more  scientific  and  convenient. 

The  apparatus  designed  by  the  writer  for  the  laboratory  of  the 
Thomas  Iron  Company  at  Hokendauqua,  Pa.,  is  so  simply  contrived 
and  works  with  such  entire  satisfaction  that  a  description  of  it  may 
be  of  u.se.  It  may  be  prefaced  that  the  characteristics  of  a  suit- 
able device  offer  some  mechanical  difficulties  when  combined  in  a 
continuous  appliance. 

The  burette,  B  (50  c.c.  to  j\  c.c),  shown  in  Fig.  1,  consists  of 
the  graduated  tube  proper  and  an  arm,  E,  fused  to  it  below  the  50  c.c. 
mark.  At  its  top  are  rubber  connections  with  the  blast-aspirator, 
shown  in  the  cut  (Fig.  2)  of  the  front  view.  By  means  of  an  extra  stop- 
cock, D,  connection  through  E  is  established  with  the  reservoir  F. 
The  burette  is  clamped  securely  to  a  slide,  C,  which  is  counterpoised 
and  moves  freely  on  guides  between  two  parallel  sides,  L,  suitably 
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mounted  in  a  frame,  and  through  their  whole  length.     Back  of  the 
burette  is  a  porcelain  scale,  G,  graduated  to  correspond  with  it,  and 


--^ 


Fig.  I 


Burette  and  Eeservoir. 


secured  to  the  slide,  in  front  of  which  the  burette  is  adjusted.     The 
reservoir,  F,  is  suspended  in  a  notched  shelf  within  the  frame,  and  is 
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introduotxl  through  the  side  door,  K,  shown  open  in  Fig.  2,  and  is 
then  enoasai  in  a  box  which  has  an  annular  hole  in  the  top  to  admit 
the  prong  of  the  tube  E.  It  is  so  placed  that  when  the  slide  is 
at  the  lowest  point  the  inlet-prong  has  a  safe  margin  from  the  bot- 
tom. A  round  glass  plate,  a,  ground  to  fit  the  top  of  the  reservoir, 
receives  the  inlet-prong  through  a  hole  in  the  center. 

Fig.  2. 


Front  View  of  Apparatus. 

Either  float  or  meniscus  can  be  used  in  reading.  The  writer  gives 
preference  to  an  Erdmann  float,  having  two  stripes  of  white  paper 
pasted  inside,  equidistant  from  the  etched  line  and  half  an  inch 
apart.  No  difiBculty  is  experienced  in  reading  with  this  to  .05  c.c,  or 
even  .01  c.c.  The  float  remains  in  the  burette  permanently,  and  is 
caught  on  a  stage  of  fine  platinum  wire  supported  by  a  spiral,  when 
it  descends  within  half  an  inch  of  the  inlet  tube. 


628  APPARATUS    FOR   VOLUMETRIC   DETERMINATIONS. 

The  advantages  of  the  apparatus  have  been  found  to  be: 

1.  Great  economy  of  time;  enabling  the  operator  to  fill  the 
burette,  make  any  number  of  titrations,  and  obtain  the  readings, 
without  change  of  position.  The  burette  can  be  filled  instantly 
without  submerging  the  float. 

2.  Extreme  accuracy :  standardizations  can  be  readily  verified  to 
the  sixth  decimal  place. 

3.  Permanency  and  convenience:  burette  and  solution  are  always 
in  readiness,  and  the  entire  apparatus  can  be  cleansed  in  a  few  mo- 
ments without  removal.  The  burette  alone  is  always  cleansed  after 
using.  It  is  then  dried  by  reversing  the  aspirator  with  a  cap  of 
rubber  tubir)g  over  the  central  bulb-outlet,  and  directing  a  gentle 
current  of  air  through  the  burette  and  out  at  the  lower  stopcock. 
This  evaporates  in  a  short  time  all  moisture  condensed  on  the 
sides. 

4.  Simplicity  and  control  of  operation.  The  reservoir  is  filled 
and  placed  in  position;  the  slide  C  is  lowered  until  the  zero  marks 
are  brought  in  the  direct  line  of  vision;  blast  is  admitted  to  the 
aspirator  by  the  brass  valve  V,  Fig.  2,  and  the  suction  produced  is 
communicated  to  the  burette,  the  lower  or  outlet  stopcock  H  being 
closed.  Stopcock  D  is  then  opened,  and  the  burette  is  filled  exactly 
to  the  zero  mark. 

The  solution  in  the  reservoir,  and  filling  the  inlet-tube,  is  pro- 
tected from  light  from  all  points,  and  does  not  suffer  unusual  de- 
composition. But,  as  an  extra  precaution,  both  reservoir  and  tube, 
except  the  immersed  prong,  may  be  suitably  painted.  If  desirable, 
all  but  a  few  c.c.  of  the  solution  can  be  used.  It  need  scarcely  be 
mentioned  that  the  solution  is  prepared  in  a  separate  vessel,  from 
which  it  can  be  transferred  to  the  reservoir  by  a  siphon.  The  bulb 
at  the  top  of  the  burette  can  be  used  to  remove  any  bubbles  de- 
pressed by  the  float,  although  care  in  first  admitting  the  perman- 
ganate obviates  that  trouble. 

The  triangular  shelves,  M,  serve  the  initial  purpose  of  giving 
rigidity  to  the  sides,  and  the  proportions  of  the  frame  are  adapted 
to  the  strength  and  compactness  of  the  instrument. 

Considering  its  effectiveness,  the  apparatus  is  not  expensive,  and 
although  delicate  in  construction,  yet  when  secured  in  position  it 
need  never  be  removed,  and  is  then  as  durable  as  any  apparatus 
made  of  glass  can  be. 

As  a  matter  of  experience  the  writer  has  repeatedly  made  with  it 
from  eighteen  to  twenty  accurate  titrations  in  an  hour 
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XoTE. — The  ingenious  little  device  that  has  here  been  utilized, 
and  is  designated  "blast-aspirator"  in  this  paper,  is  believed  to  be 
the  invention  of  Mr.  E.  A.  Uehling,  former  head  chemist  to  the 
Bethlehem  Iron  Co.,  and  now  with  the  Sharpsville  Furnace  Co., 
Sharpsville,  Pa. 


THE  GEOLOGIC  BELATIONS  OF  THE  NANTICOKE 
DISASTEB. 

BY  CHARLES  A.   ASHBURKER,  GEOLOGIST  IN  CHARGE,    PENN- 
SYLVANIA SURVEY,   PIIILADELPniA,   PA. 

One  of  the  most  unexpected  and  unusual  mining  disasters  which 
have  ever  been  recorded  in  the  Pennsylvania  anthracite  region,  or, 
in  fact,  in  any  coal-raining  district,  occurred  in  the  nortiiern  anthra- 
cite field  near  Nanticoke,  Luzerne  County,  about  10  o'clock  on 
Friday  morning,  December  18,  1885. 

This  accident  caused  the  death  of  twenty-six  persons,  a  larger 
number  than  had  perished  in  any  catastrophe  in  the  anthracite 
mines  since  that  which  occurred  at  the  West  Pittston  mine  in  1871. 
The  Nanticoke  disaster  resulted  from  a  "  cave-in  "  in  the  roof  of  a 
portion  of  the  Ross  coal-bed  workings  from  Slope  No.  1  of  the 
Susquehanna  Coal  Company,  by  which  a  large  body  of  quicksand, 
gravel,  rock-  and  coal-boulders,  and  water  broke  through  the  roof 
of  the  mine,  filling  up  a  large  extent  of  the  workings,  until  not  only 
the  water,  but  also  the  rock  material,  flowed  out  at  the  mouth  of  the 
mine.  Immediately  over  the  point  where  the  "cave-in"  occurred, 
was  located  a  large  pile  of  refuse  coal  and  slate,  taken  from  Slope 
No.  2. 

After  the  occurrence  of  the  accident,  I  made  a  very  careful  ex- 
amination of  the  ground  in  the  vicinity  of  the  "cave-in,"  in  con- 
junction with  a  study  of  all  the  maps,  sections  and  other  mining 
data  in  the  possession  of  the  Susquehanna  Coal  Company,  which 
were  placed  at  my  disposal  by  Manager  Irving  A.  Stearns.  The 
accompanying  map,  Fig.  1,  was  compiled  from  the  Company's 
map,  and  from  special  maps  made  by  the  Geological  Survey  under 
the  direction  of  my  assistant,  Mr.  Frank  A.  Hill.  This  map  shows 
the  relative  position  of  the  mine-workings,  the  surface  features  and 
the  "cave-in,"  and  other  points  to  be  specially  referred  to  hereafter. 

My  examination  was  made  particularly  with  the  view  of  deter- 
mining the  indirect  cause  of  the  "cave-in,"  and  the  local  geologi- 
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cal  phenomena  with  which  it  seemed  to  be  closely  connected.  A 
special  investigjition  was  made  by  Mr.  G.  M.  Williams,  State  Mine 
Inspector,  with  a  view  of  ascertaining  the  responsibility  for  the 
accident.  While  it  is  not  my  intention  to  refer  in  detail  to  the 
mining  featnres  connected  with  tiiis  occurrence,  I  desire  to  say  that 
I  am  clearly  of  the  opinion  that  the  Susquehanna  Coal  Company 
cannot  l>e  charged  with  any  neglect  in  the  matter.  No  company  in 
the  anthracite  coal-tields  has  exercised  greater  care  in  preventing 
accidents  which  might  involve  the  lives  of  miners,  or  has  been  more 
prompt  and  generous  in  all  eff<)rt.s  to  relieve  the  unfortunate.  I 
make  this  statement  after  a  careful  study  of  the  circumstances, 
since,  in  many  of  the  accounts  published  at  the  time,  the  disaster 
was  chargal  to  ignorance  on  the  part  of  the  management  of  the 
Company,  as  to  the  proper  support  to  give  the  rocks  and  culm  piled 
on  the  top  of  the  surface  overlying  the  coal-bed,  especially  at  the 
point  where  the  "  cave-in  "  took  place. 

The  following  passages  from  Mr.  Williams's  report  will  give  a 
clear  notion  of  the  remarkable  nature  of  the  accident.  Mr.  Williams 
says : 

"The  Xo.  1  Slope  was  sunk  on  tlie  lowest,  or  Red  Ash  seam,  and  this  seam  is 
nearly  all  worked  out,  so  far  as  it  can  be  mined  from  this  slope.  In  1881,  a  tunnel 
was  driven  from  thetiiird  lift  at  a  distance  of  about  120  feet  west  of  the  slope,  to  the 
Eoss  seam,  the  next  one  above.  The  tunnel  reached  the  coal-bed  at  a  distance  of 
487  feet  horizontally.  Since  then  the  workings  in  the  Ross  seam  have  been  ex- 
tended to  the  extent  described  on  the  accompanying  map.  From  the  first  2000  feet, 
the  average  dip  of  the  seam  was  about  18  degrees.  Here  the  gangway  curved 
sharply  around  the  axis  of  a  basin,  and  back  on  the  sti-ike  of  another  dip,  and  agaiu 
around  the  axis  of  a  small  saddle. 

"  Most  of  the  persons  lost  were  working  in  breasts  oq  this  saddle,  and  within  a 
short  distance  of  the  point  where  the  sand  broke  in.  There  were  four  persons 
working  in  the  basin,  at  the  foot  of  places  driven  up  to  the  counter-gangways  on  top 
of  the  saddle.  One  of  these  escaped  and  said  that  he  saw  the  other  three  struggling 
in  the  mud  behind  him.  Those  three  are  among  the  lost.  The  two  drivers,  the 
nmner,  and  the  door-boy,  had  gone  in  with  cars  about  a  half  an  hour  before  the 
sand  broke  in,  and  it  is  supposed  that  they  had  reached  the  miners  who  were  work- 
ing on  the  anticlinal  before  the  accident  happened.  In  less  than  one  hour  from 
the  time  it  broke  in,  the  gangways  were  completely  filled  from  floor  to.  roof,  all  the 
way  out  of  the  slope,  and  up  part  of  the  way  into  the  breasts.  All  the  men  who 
worked  the  breasts  on  the  rigiit  of  the  straight  gangway  escaped  through  the  faces 
of  the  breasts  and  out  through  the  air-shaft.  Upon  exploring  the  workings  above 
the  sand-level,  a  mistake  was  made  in  the  location  of  the  cave,  and,  while  laboring 
under  this  mistake,  it  was  generally  believed  that  the  men  who  worked  (m  the  saddle 
described,  were  on  higher  ground  than  that  which  the  sand  had  filled,  and,  conse- 
quently, were  probably  all  alive. 

"  A  large  gang  of  men  were  at  once  set  to  work  to  effect  a  passage  through  the 
sand,  dowa  a  breast,  adistaoce  of  2060  feet  from  the  air-shaft,  and  by  Monday  evea- 
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ing,  December  21st,  they  had  reached  the  bottom  of  tlie  basin,  right  opposite  a  hole 
which  liad  been  driven  on  the  opposite,  or  other  pitch,  to  the  counter-gangway  on 
top  of  the  saddle.  As  far  as  they  could  see  with  the  light  of  a  Clanney  safety-lamp, 
this  hole  was  clear  of  sand,  and  they  were  greatly  elated  and  encouraged  by  the 
prospect,  believing  that  they  could  rescue  the  entombed  men  in  a  few  hours.  The 
said  hole  was  rising  about  45  degrees,  too  steep  to  climb  without  ladders  or  steps, 
and  orders  were  promptly  sent  out  for  ladders.  While  waiting  for  them,  an  old 
battery  was  cut  out  of  the  way  at  the  bottom  of  the  hole,  and  occasionally,  while 
doing  that,  small  quantities  of  dirt  were  noticed  to  fall  from  above,  which  caused 
them  to  be  watcliful  and  ready  to  retreat  in  case  a  rush  sliould  come. 

"  Shortly  after  cutting  the  battery  away,  a  large  quantity  of  debris  rushed  down 
and  drove  them  all  back.  The  passage  made  through  the  sand  was  only  three  and 
a  half  feet  high  and  about  the  same  in  width,  and  it  was  made  a  distance  of  about 
250  feet.  The  debris  had  to  be  carried  away  in  buckets,  and  at  this  time  there  were 
about  60  men  employed,  one  behind  the  other,  handing  the  buckets  back  and  forth. 
It  was  thought  difficult  for  so  many  to  escape  in  case  water  and  sand  rushed  in  again, 
therefore  7  or  8  only  returned  to  see  what  fell,  and  while  they  were  at  the  bottom, 
it  rushed  down  again,  and  filled  the  passage  all  the  way  up  to  about  20  feet  higher 
than  when  they  started  to  make  it ;  and  the  men  escaped  only  by  the  greatest  exer- 
tion. If  the  whole  number  had  returned,  there  is  no  doubt  that  most  of  them  would 
have  been  caught,  and  added  to  the  number  already  entombed  ;  but,  fortunately, 
the  few  that  had  returned  were  not  so  much  in  one  another's  way,  and  they  escaped. 
With  this  unexpected  occurrence,  all  hopes  of  rescuing  the  entombed  men  alive 
were  dispelled,  and  a  gloom  of  disappointment  was  wrought  on  every  ones  counte- 
nance. This  also  caused  the  officials  to  think  that  probably  the  sand-bar  broke  at 
the  top  of  the  anticlinal  or  saddle,  and  the  engineers  were  set  to  work  to  locate  the 
the  hole,  seen  on  the  surface,  on  the  map  of  the  mines. 

"  This  hole  was  a  deep,  cone-shaped  depression  on  the  culm-bank,  and  was  about 
300  feet  in  diameter  on  top.  When  the  survey  was  done,  it  proved  that  the  cave 
broke  in  near  the  solid  at  the  face  of  the  counter-gangway  on  the  apex  of  the  anti- 
clinal, and  that  all  the  entombed  men  were  very  probably  caught  and  killed  soon 
after  the  sand  broke  into  the  mine.  It  also  showed  that  the  only  way  to  recover 
them  would  be  by  clearing  the  gangway  from  the  slope  in  until  they  were  found, 
and  this  work  was  commenced  at  once  and  pushed  vigorously  up  to  the  date  of  this 
writing,  February  25,  1886.  The  sand  was  found  to  be  packed  tight  from  the  floor 
to  the  roof  in  the  two  gangways,  and  although  they  have  cleared  the  main  gangway 
to  a  point  within  200  feet  of  the  curve,  not  one  body  has  been  recovered. 

''  The  officers  of  the  Company  fear  another  rush  of  quick-sand  when  the  gangway 
is  cleared  to  the  turn,  and  the  probabilities  at  present  are  that  that  will  take  place. 
If  it  does,  the  bodies  can  never  be  recovered,  and  it  is  doubtful,  also,  whether  the 
workmen  who  are  clearing  the  gangway  can  escape  if  it  should  rush  in  under  the 
great  pressure  supposed  to  be  behind  it.  The  danger  apprehended  has  been  fully 
explained  to  them,  and  it  is  their  will  at  present  to  work  on  and  see  whether  the 
bodies  can  be  recovered  or  not ;  but  the  officers,  apprehending  danger  to  those 
working  in  other  drifts,  as  well  as  to  them,  may  conclude  to  abandon  the  work. 

"  Any  one  visiting  the  mine  prior  to  the  accident  would  have  pronounced  it  one 
of  the  safest  mines  in  the  region.  The  pillars  were  large  and  regular,  the  roof 
strong  and  safe  throughout,  as  far  as  appearances  indicated.  There  was  no  crush 
nor  anything  to  create  alarm,  or  to  give  the  least  sign  of  danger.  No  one  suspected 
that  it  was  possible  for  danger  to  exist  from  quicksand.  The  No.  4  tunnel  work- 
ings were  in  the  same  bed,  and  higher  on  the  pitch,  between  this  and  the  outcrop, 
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ami  were  mined  nearly  one  ami  a  half  miles  further  without  encountering  trouble 
of  this  nature. 

''The  leveling^  showetl  that  there  were  202  feet  of  strata  ritjht  over  the  bed  at 
the  iwint  where  the  sand  bn>ke  in,  and  it  was  supposed  that  about  200  feet  of  it 
was  n.x^k.  Tlie  surface,  where  it  broke,  was  covered  by  a  culm-bank,  47  feet  high, 
and  this  was  up  on  the  side  of  a  dry  sand  hill,  somewhere  about  60  or  70  feet  above 
the  level  of  the  creek.  The  rock  is  seen  on  the  surfiice  above  the  culm-bank,  and 
also  Wlow  it  at  the  creek  ;  but  between  these  two  points  the  rock  seems  to  have 
been  washed  away,  to  a  depth  approaching  closely  to  the  bed,  and  ngain  replaced 
by  sand  and  water.  The  appearances  of  the  surface  are  such  that  no  one  suspected 
that  such  a  depth  of  sand  e.xisteil  there,  and,  tlierefore,  no  one  could  have  foreseen 
the  possibility  of  such  a  calamity  as  that  wliicli  happened.  It  was  such  that  no 
blame  c-an  be  attacheil  to  any  one ;  for  every  practical  precaution  was  taken  to  mine 
coal  so  as  to  insure  safety  to  the  mine  and  the  workmen  employed." 

The  interest  of  the  geologist  in  this  accident  is  in  tracing  its  cause 
as  related  to  the  rocks  in  the  vicinity  of  the  point  where  the  "cave- 
in  "  took  place.  That  the  origin  of  this  accident  can  be  traced  to 
glacial  tinies,  there  is  no  doubt.  In  order  to  make  my  views  fully 
understood,  it  is  necessary  to  refer  to  some  of  the  prominent  features 
of  the  Glacial  Epoch  of  the  Quaternary  Period,  which  is  the  most 
recent  of  the  major  subdivisions  of  our  geological  column. 

During  this  epoch,  or,  as  it  is  commonly  spoken  of,  the  Cold  Age, 
the  British  possessions,  the  New  England  States,  and  a  portion  of 
the  Middle  States  were  covered  with  an  ice-sheet,  down  to  a  line 
starting  from  Olean  in  western  New  York,  and  extending  through 
the  following  points  in  Penn.sylvania:  Ralston,  in  Lycoming  Co.; 
Berwick,  on  the  north  branch  of  the  Susquehanna  river;  White 
Haven,  on  the  Lehigh  river  and  Belvidere  on  the  Delaware  river, 
in  New  Jersey.  This  ice-sheet  was  of  variable  thickness.  In  New 
Hampshire  it  was  probably  6000  feet  thick.  Prof.  Lesley  expresses 
his  opinion  that  over  the  Wyoming-Lackawanna  valley  it  was  at  least 
2000  feet  thick.  It  moved  slowly  forward  toward  the  south  and 
southwest,  plowing  and  scratching  the  surface  of  the  country,  and 
carrying  with  it  rocks  of  all  kinds  and  sizes,  from  fine  grains  of  sand 
to  hugh  blocks  several  feet  in  thickness.  This  drift-material  was 
dumped  by  the  glacier  along  its  edges  in  the  form  of  moraines,  or 
dropperl  from  the  bottom  of  the  glacier  as  it  passed  over  the  hills 
and  valleys.  Fragments  of  outrcropping  rocks  from  an  older  geo- 
logical age  were  broken  off  and  carried  by  the  glacier  over  hills 
and  across  valleys,  and  dropped  upon  the  outcrops  of  rocks  of  a 
later  geological  age.  Valleys  originally  deep  have  been  filled  up 
by  the  glacial  drift,  and  the  beds  of  streams  have  thereby  been 
elevated ;  the  streams  flowing  now  at  higher  levels  than  prior  to 
the  Glacial  Epoch. 


6;j4    the  geologic  relations  of  the  nanticoke  disaster. 

A  glacier  covered,  at  one  time,  the  entire  Wyoming-Lackawanna 
valley,  and  extended  as  far  south  as  the  lower  part  of  Luzerne  Co. 
North  of  this  line,  glacial  drift  exists  on  the  tops  of  hills  and  fills 
the  bottoms  of  valleys.  In  the  lower  part  of  the  Wyoming-Ijacka- 
wanna  valley  we  find  the  presence  of  drift  universal,  the  depth  of 
drift  being  determined  by  the  difference  in  elevation  between  the 
bottom  of  the  original  valley,  as  it  existed  before  the  Glacial  Epoch, 
and  the  bottom  of  the  valley  as  it  is  to-day.  The  depth  of  this 
drift  and  the  location  of  pot-holes  in  areas  underlaid  by  workable 
coal-beds,  is  a  matter  of  great  practical  importance  to  coal -operators ; 
since  the  depth  and  character  of  the  drift  have  a  practical  bearing 
upon  the  sinking  of  shafts  from  which  to  work  the  coal-beds.  The 
thickness  of  the  rock  roof  over  the  mine-workings  between  the  top 
of  the  workable  coal-beds  and  the  bottom  of  the  drift,  is  no  less  im- 
portant as  affecting  the  practicability  and  safety  of  mining  enter- 
prises, since  the  running  of  gangways  and  breasts  into  the  drift  may 
not  only  involve  unanticipated  cost,  but  may  result  in  the  loss  of 
life. 

Before  speaking  of  the  geology  along  Newport  creek  in  the 
vicinity  of  the  Nanticoke  "  cave-in,"  I  desire  to  refer  to  the  Arch- 
bald  pot-holes,  which  occur  at  the  Ridge  mines  of  the  Eden  colliery, 
about  3  miles  north  of  Archbald  station.  In  a  communication  re- 
ceived in  February,  1884,  from  Mr.  Edward  Jones,  one  of  the 
operators  of  this  colliery,  he  refers  to  the  discovery  of  one  of  these 
pot-holes  as  follows  : 

"  The  discovery  was  made  by  the  men  at  work  opening  a  chamber  from  the  air- 
way, wlien  they  discovered  a  mass  of  brown  stones  weighing  from  1  to  6  or  more 
pounds,  which  were  resting  like  a  wall  in  front  of  them  and  which  extended  across 
the  face  of  the  workings,  from  within  about  one  foot  of  the  bottom  of  the  vein  up  to 
the  roof;  worked  around  it  and  found  the  coal  regular,  with  their  pillars  standing 
in  an  almost  oval  shape  (greatest  length  about  20  feet) ;  started  to  clean  it  out  anil 
found  it  ran  through  the  i-ock  to  the  surface,  a  distance  of  over  40  feet." 

The  accompanying  topographical  map.  Fig.  1,  shows  the  posi- 
tion of  pot-hole  No.  1,  the  most  prominent  topographical  feature  ri> 
the  vicinity  being  the  Callender  gap,  through  which  the  Browu 
Hollow  turnpike  passes,  northwest  of  the  hole.  In  May,  1885,  the 
second  or  upper  pot-hole  was  discovered  in  the  same  way  as  the 
first,  by  the  miners  of  Jones,  Simpson  &  Co.  The  position  of  this 
pot-hole  is  not  shown  on  the  map.  It  lies  in  the  same  hollow  as 
pot-hole  No.  1,  and  1000  feet  north,  33  degrees  east  of  it.     Pot-hole 
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Fig.  2. 
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No.  1  is  at  present  used  as  an  air-shaft  in  ventilating  the  Ridge  mine. 
The  depth  of  the  hole  is  38  feet.  The  greatest  length  of  the  hole 
on  the  surface  of  the  ground  is  42  feet  in  a  direction  north  80 
degrees  east,  and  the  shortest  length  across  the  hole  is  24  feet.  The 
general  position  of  the  hole  is  not  vertical,  hut  inclined  in  a  direc- 
tion south  80  degrees  west.  It  extends  to  the  bottom  of  the  Arch- 
bald  coal-bed,  which,  in  the  mines  in  the  vicinity  of  the  hole,  is  8 
feet  thick. 

Fig.  3  shows  two  carefully  measured  sections  of  hole  No.  1.  The 
hole  on  top  of  the  bed  is  14  feet  wide,  east  and  west,  and  17  feet 
long,  north  and  south ;  while  4J  feet  above  the  top  of  the  bed  it 
is  19  feet  east  and  west  and  18  feet  at  the  widest  point,  north  and 
south.  Between  these  two  sections,  the  west  face  of  the  hole  is  nearly 
vertical,  while  the  east  face  inclines  toward  the  east. 

The  hole  is  cut  almost  exclusively  out  of  slate  and  sandy  shale, 
principally  the  former,  and  the  faces  of  the  hole  are  extremely 
smooth.  The  pebbles  taken  out  were  from  sedimentary  strata,  and 
as  far  as  could  be  determined,  mostly  from  strata  geologically  above 
the  Pocono  sandstone,  No.  X.,  which  forms  the  highest  summits 
north  and  northeast  of  the  hole.  A  number,  however,  were  evidently 
formed  from  the  rock  which  was  cut  out  of  the  hole,  and  among  them 
there  were  several  pebbles  cut  from  the  coal-bed  itself.  One  of  these, 
which  I  saw,  measured  about  5  inches  in  diameter. 

That  the  cause  of  the  pot-hole  must  be  sought  for  during  the 
glacial  period  there  can  be  no  question,  because  only  during  that 
period  can  we  conceive  of  sufficient  water,  resulting  from  the  melt- 
ing of  the  existing  ice-sheet,  to  produce  such  a  phenomenon. 

The  hole  could  not  be  formed  except  by  water  in  sufficient  quan- 
tity, and  having  sufficient  velocity,  to  keep  the  sand  and  pebbles  in 
constant  ebullition  when  entering  a  depression  in  the  surface.  Other- 
wise any  depression  in  the  bed  of  a  stream  of  small  size  would  be 
quickly  filled  by  the  mud,  sand  and  pebbles,  and  such  a  stream 
would  flow  over  the  filled  hole  rather  than  into  an  empty  one.  If, 
however,  a  great  volume  of  water  impinged  on  the  surface  of  the 
rock,  where  the  hole  is  now  found,  with  considerable  force,  the  rocks 
at  the  point  of  the  water-fall  would  be  worn  away,  not  only  by  the 
direct  force  of  the  water,  but  by  the  impact  of  the  sand  and  pebbles 
carried  by  the  water,  and  by  the  constant  motion  of  the  pebbles 
caught  in  the  hole,  but  too  iicavy  to  be  kept  in  such  violent  action 
as  to  flow  out  with  the  water.  This  is  the  manner  in  which  pot- 
holes are  formed  at  the  bottom  of  glacial  crevices.     All  water-falls 
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Fio.  3. 


Sectio/is  of  the  Archbald  Pot-IIoie. 


Otiiltne  of  base  ofcdr;shxxft 
J?7feei  adore  top  of  coal  bed. 


Greatest  cZistartce  across  top  of  hole  4 2  feet. 
STzortcst  cZisUzr^e  cLcross  top  of  hole  S4  feel. 
Depth  of  the  fwle  JS  feet 

.BotloTTi  of  the  hole  is  on  tfw  floor  of  the  JLrchbalci 
cocxL  bed  rvhcch  ts  S  feet  thick, 
, . ,  .cpn 
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tlirough  glacial  crevices  are  approximately  vertical.  Especially 
would  such  water-falls  be  vertical  where  they  fall  from  a  height  of 
several  hundred  feet.* 

Pot-holes  formed  from  a  crevasse  water-fall  would  be  nearly  sym- 
metrical about  an  approximately  vertical  line,  very  difi'erent  in  this 
respeet  from  pot-hole  No.  1,  the  shape  of  which  indicates  that  the 
force  of  the  stream  which  impinged  upon  the  rocks  during  its  for- 
mation must  have  inclined  in  the  direction  of  the  axis  of  the  hole.f 

In  two  ways  only  is  it  possible  for  me  to  conceive  of  this  hole 
being  formed — first,  by  the  water  which  always  flows  underneath  a 
glacier,  particularly  near  its  terminus;  or  secondly,  by  water  flow- 
ing over  the  edge  of  the  retreating  ice  at  the  terminus  of  a  glacier. 
In  either  case  we  would  have  sufficient  water  to  form  the  hole,  and 
the  inclined  direction  of  the  water  as  it  fell  upon  the  rock  would 
produce  a  hole  having  an  inclined  axis,  like  hole  No.  1,  cut  out  of 
horizontal  strata. 

Another  very  important  geological  fact  bearing  upon  the  Nanti- 
coke  "  cave-in"  is  the  fact  that  prior  to  the  Glacial  Epoch  the  Sus- 
quehanna river  flowed  at  a  level  of  200  feet  below  the  surface  of  the 
present  Wyoming  valley,  and  the  valley  has  subsequently  been  filled 
with  gravel  and  drift.  Most  of  the  shafts  and  bore-holes  which 
have  been  sunk  in  the  valley  have  encountered  this  drift.  Its  thick- 
ness has  been  determined  at  a  number  of  points.  The  position  of 
these  bore-holes  and  shafts,  their  elevation  below  the  level  of  the 
Susquehanna  and  above  tide,  and  the  depth  of  drift,  are  shown  in 
the  accompanying  table  and  on  Fig.  4.  For  the  preparation  of  this 
table  and  map  I  am  indebted  to  my  assistant,  Mr.  Frank  A.  Hill. 


*  Water  falling  from  great  heights  is  often  dissipated  by  the  air  which  mingles 
with  it  during  the  fall;  apart  from  this,  the  cutting  force  of  the  water  at  the  foot 
of  the  fall  is  directly  proportional  to  the  quantity  of  water  and  the  height  of  the  fall. 

t  This  would  undoubtedly  be  so  where  the  hole  was  cut  out  of  nearly  horizontal 
strata,  as  in  the  case  of  pothole  No.  1.  Where,  however,  the  strata  out  of  which 
a  hole  should  be  cut  lie  at  a  dip  of  only  5°  it  can  readily  be  understood  how  an  in- 
clined pot-hole,  such  as  No.  1,  could  be  cut  by  a  vertical  water-fall. 
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Table  of  Elevations  Relating  to  the  Wyoming  "  Buried  Valley." 
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Name  of  Shafts,  Bore-holes,  etc. 


Clear  Spring  shaft 

Knight  Shaft 

Niagara  Shaft 

Schooley  Shaft 

Schooley  Air  Sliaft 

Shoemaker  Bore-hole,  1.. 
"  2.. 

3!! 


Fuller  Bore-hole,  1 
2 
3 
Fuller  Colliery  (crevice  cut  in 

slope) 

Maltby  Shaft,  No.  1  (6-foot  bed 

workings) 

Maltby  Shaft,  No.  1  (11-foot  bed 

rock  phme) 

Maltby  Shaft,  No.  2  (11-foot  bed 

slope,  inside) 

Forty  Fort  Breaker  Bore-hole 

Forty  Fort  Bore-hole  (near  D.  L 

&W.  R.  R) 

"Harry  E"  Shaft 

Tripp  Farm  Bore-hole,  No.  1 

2 

3 

Black  Diamond  New  Shaft 

Pettibone  Shaft 

Bore-hole  on  Lawrence  Myer's 

Tract 

Woodward  Farm  Bore-hole, No  1* 
It 
2.. 
Highest  point  in  Prospect  or 

Henry  Colliery   workings 

north  of  river 

Nanticoke  "  Cave-in" 

Nanticoke  Relief  Bore- hole 


Location. 


West  Pittston. 


Wyoming. 


Maltby. 

Forty  Foot. 
Luzerne  Boro. 

Kingston. 


Kingston  Twp. 
Nanticoke. 


Mr.  Hill,  in  referring  to  the  buried  valley  between  West  Pittston 
and  Kingston,  says : 

"There  are  four  drift-plain  areas,  the  topography  of  which  must  be  especially 
noted  in  this  connection  : 

"  1.  The  area  which  lies  between  West  Pittston  and  the  mouth  of  Toby's  Eddy,  at 
Kingston,  and  between  the  Susquehanna  river  on  the  south  and  the  foot  of  Kingston 
mountain  on  the  north.  It  is  covered  with  drift  and  is  generally  flat,  at  no  point 
rising  more  than  50  feet  above  the  river  level. 

"  2.  That  along  the  south  side  of  the  river,  bounded  on  the  south  by  the  Lehigh 
Valley  Railroad,  extending  from  Port  Blanchard  to  three-quarters  of  a  mile  north- 
east of  the  mouth  of  Mill  creek,  the  mine-workings  of  the  Wyoming,  Henry  and 
Enterprise  collieries  honeycomb  the  Baltimore  and  Hillman  beds  under  a  large 
part  of  this  area, 

"3.  That  along  the  north  edge  of  the  river  lying  south  of  the  D.  L.  and  W.  R. 
R.,  and  extending  from  the  western  end  of  the  town  of  Plymouth  to  the  Susque- 


*  Record  obtained  from  L.  &  W.  B.  C.  Co. 
f  Record  obtained  from  Irving  A.  Stearns. 
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hanna  Coal  C'onipanv's  breaker.  No.  3,  tliis  same  area  is  continued  on  the  opposite 
side  of  liie  river  in  the  '  Nanticoke  Fhits,'  east  of  tliat  town. 

"4.  That  on  the  s<Mith  side  of  tiie  river,  extending  tiuongh  tlie  city  of  Wilkes- 
Barre,  and  from  the  Fish  Island  Hend  opposite  tlie  montli  of  Toby's  I;-ddy  to  the 
month  «>f  Bnttonwooil  creek,  near  Bntzbacii's  landing.  As  it  ap[>roaclies  its  western 
end  it  is  b*>nndetl  on  the  sonth  by  the  blutl"  along  tiie  sontli  edge  of  Buttonwood 
creek.     It  at  no  point  rises  2  feet  above  the  level  of  the  river. 

"Within  these  areas  there  are  no  rock-exposures,  notiiing,  in  fact,  but  the  mining 
developments  to  give  any  idea  of  the  true  position  of  the  bed-rock. 

"Save  where  they  are  broken  by  streams  the  river  foot-liills  surround  these  flats 
on  all  sides,  witli  outcrops  of  sandstones,  slates  and  coals  in  each  plainly  exj)osed." 

An  appreciation  on  the  part  of  tlie  Susquehanna  Coal  Company 
of  the  existence  of  this  buried  valley  as  far  southwest  as  the  Nanti- 
coke gap,  with  the  possibility  of  its  extending  southwest  along 
Newport  creek,  led  the  company  to  put  down  a  great  number  of 
bore-holes  in  the  valley  of  this  creek,  in  order  to  ascertain  the  thick- 
ness of  the  gravel  and  sand  forming  the  drift,  especially  in  those 
portions  of  the  valley  under  which  any  workings  were  to  be  ex- 
tended, and  the  thickness  of  rock  overlying  each  mined  coal-bed,  a 
"cave-in"  similar  to  that  which  occurred  last  December  being 
anticijiated  in  those  areas  where  drift  was  known  to  exist.  Most  of 
these  bore-holes  were  sunk  in  the  valley  in  close  proximity  to  the 
creek,  and  immediately  ahead  of  the  mine-workings  in  the  Hillman 
and  Mills  coal-beds,  the  topography  in  the  vicinity  of  the  culm-bank, 
where  the  "cave-in"  subsequently  took  place,  being  such  that  it 
was  never  anticipated  that  the  buried  valley  existed  under  the  base 
of  the  culm-bank. 

On  the  accompanying  map,  Fig.  1,  the  relative  positions  of  the 
"cave  in"  and  the  mine-workings  are  shown. 

West  from  the  south  end  of  the  coal-separator  on  this  map  the 
buried  valley  of  Newport  creek  was  clearly  defined  by  drill-holes. 
On  the  map  is  shown  the  position  of  bore-hole  No.  3S,  the  elevation 
of  which  is  555.1  feet,*  while  the  depth  to  the  solid  rock  and  the 
thickness  of  the  drift  is  100.75  feet,  the  elevation  of  the  bottom  of 
the  buried  valley  under  the  hole  being  454.35  feet.  This  hole,  from 
its  relation  to  the  other  holes  on  the  west,  mu?t  be  very  near  the 
lowest  point  in  the  buried  valley. 

Referring  now  for  a  moment  to  the  buried  valley  in  the  vicinity 
of  Wilkes  Barre,  we  find  that  the  elevation  of  the  Susquehanna  river 
at  mean  low  Water  at  Wilkes  Barre  is  516  feet  above  tide,  and  at 

*  11.50  feet  have  been  added  to  the  elevation  of  the  Susquehanna  Coal  Company's 
levels  in  order  to  reduce  them  to-  the  tidal  datuan  adopted  by  the  Geological  Survey 
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mean  high  water  541  feet  above  tide,  so  that  the  old  "Wyoming 
valley,  before  it  was  filled  up  with  drift  and  gravel  which  now  lie 
in  its  centre,  was  about  200  feet  deeper  near  Wilkes  Barre  than  the 
valley  is  at  the  present  time. 

The  elevation  of  the  Nanticoke  dam  across  the  Susquehanna 
river  below  the  mouth  of  Harvey's  Creek,  is  514.76  feet,  which  is 
only  a  few  feet  lower  than  the  mean  elevation  of  the  river  at  Wilkes 
Barre.  It  is  fair  to  assume  that  the  slope  of  the  old  Wyoming 
valley  from  Wilkes  Barre  to  Nanticoke  was  at  least  as  great  as  the 
fall  of  the  present  river,  so  that,  since  it  is  quite  certain  that  the 
Susquehanna  river  always  has  had  an  outlet  through  the  Nanticoke 
gap,  the  bottom  of  the  old  buried  valley  in  this  gap  must  be  at  least 
205  feet  below  the  surface  of  the  Nanticoke  dam. 

The  fact  that  along  a  certain  line  through  the  Nanticoke  gap,  at 
present  undetermined,  the  drift  must  be  200  feet  deep  to  the  bottom 
of  the  buried  valley  at  about  an  elevation  of  310  feet  above  tide, 
when  considered  in  conjunction  with  the  facts  which  prove  that  the 
buried  valley  of  Newport  creek  must  have  had  an  outlet  towards 
the  northeast,  is  sufficient  to  warrant  the  assumption  that  the 
stream  occupying  the  buried  valley  southwest  of  Nanticoke  joined 
the  Susquehanna  river  in  front  of  the  gap,  and  that  the  river  occu- 
pied the  same  general  position  in  the  gap  as  it  does  at  the  present 
time. 

It  has  been  suggested  that  the  Susquehanna  river  at  one  time 
flowed  through  the  buried  valley  of  Newport  creek,  and  out  of  the 
southern  end  of  the  valley  somewhere  near  Shickshinny.  That  such 
a  hypothesis  is  impossible,  we  have  sufficient  data  to  prove. 

From  the  south  end  of  the  Susquehanna  Coal  Company's  coal- 
separator  to  the  Nanticoke  gap  we  have  no  sufficiently  precise  data 
to  locate  exactly  the  bottom  of  the  buried  valley  in  the  same  way 
as  the  bore-holes  drilled  to  the  southwest  of  the  separator  have 
permitted  us  to  locate  the  bottom  of  the  valley  in  that  section. 
We  have,  however,  sufficient  facts  to  enable  us  to  locate  it  aj)proxi- 
mately. 

It  now  remains  to  trace  the  buried  valley  from  the  southern  end 
of  the  coal-separator  to  the  village  of  Nanticoke.  It  is  quite  safe  to 
assume,  from  the  facts  already  presented,  that  the  elevation  of  the 
bottom  of  the  valley  in  the  Nanticoke  gap  is  about  310  feet  above 
tide,  and  the  elevation  of  the  bottom  of  the  valley  at  Bore-hole  No. 
38  is  454  feet,  so  that  between  the  coal  se{)arator  and  the  gap  there 
must  have  been  a  fall  in  the  valley  of  145  feet,  more  or  less.     In 
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locating:  the  buricnl  valley  between  these  two  points  an  important 
question  suiTirests  itself  lor  consideration,  namely:  Does  the  valley 
fall  at  an  even  grade  for  this  distance  of  about  one  mile,  or  is  the 
grade  intorruptiHl  at  one  or  more  points  by  \vater-falls?  We  have 
not  sufficient  data  at  our  command  to  throw  definite  lijrht  on  this 
question. 

The  burieil  valley  evidently  makes  a  sharp  turn  around  the  south 
end  of  the  separator  and  passes  over  the  mine-workings  in  the  vicin- 
ity of  the  hole.  This  must  1)6  so,  since  a  rock-exposure  was  foun<l 
directly  east  of  the  point  where  the  mine-workings  pass  around  the 
end  of  the  anticlinal  in  coming  from  the  "cave-in"  around  to  the 
position  of  the  Relief  bore-hole. 

In  the  vicinity  of  the  "  cave-in  "  the  buried  valley  doubtless  makes 
a  sharp  turn  and  piu-sues  a  northeast  course  to  a  point  between  the 
Xanticoke  station  and  the  "  Red  Barn." 

The  creek  which  flowed  in  the  buried  valley,  as  it  made  a  sharp 
turn  in  the  vicinity  of  the  "cave-in,"  must  necessarily  have  produced 
a  whirlpool  in  the  water  at  this  point.  The  diameter  of  this  whirl- 
pool and  its  depth  would,  of  course,  depend  upon  the  amount  of 
water  flowing  through  the  buried  valley  and  the  velocity  which  it 
had  at  the  point  where  the  turn  was  made  in  its  course.  That  both 
must  have  been  considerable,  appears  from  the  fact  that  the  pool 
contained  large  rounded  pebbles  and  boulders  of  rocks  which  had 
evidently  lieen  whirled  around  in  it  by  the  force  of  the  water. 
When  the  old  valley  was  ultimately  filled  uj)  by  the  drift  which  it 
contains,  these  boulders  and  pebbles  were  buried  in  the  pool  by  the 
drift.  When  the  "cave-in"  took  place,  a  large  mass  of  these 
boulders  and  pebbles  were  found  in  the  gravel  and  soil  which 
flowed  into  the  mine  and  filled  up  a  large  part  of  the  workings. 
Many  were  taken  out  of  the  mine-workings  by  the  relief- workers, 
when  the  effort  was  made  to  get  to  the  miners  by  working  along 
the  tops  of  the  chambers. 

If  a  pool  had  not  existed  in  the  bottom  of  the  buried  valley 
where  the  "cave-in  "  took  place,  large  boulders  and  pebbles  would 
not  have  been  found  at  this  point  in  the  valley,  since  there  must 
have  been  a  low  point  or  "  sump  "  to  hold  the  boulders  and  pebbles 
which  fille<l  the  mine  at  the  time  of  the  "  cave-in."  This  low  point 
prevented  the  boulders  and  pebbles  from  being  rolled  down  the 
Newport  buried  valley  and  into  the  ancient  Susquehanna  river 
flowing  in  the  valley  prior  to  the  time  when  it  was  filled  by  drift. 

The  study  of  this  whirlpool-hole  has  not  only  been  of  absorbing 
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interest  as  a  geological  problem,  but  it  has  been  the  means  of  calling 
the  attention  of  the  mining  engineers  of  the  Wyoming-Lackawanna 
vjjlley  to  the  great  risk  which  is  run  in  carrying  on  coal-mining 
within  the  valley,  and  will  call  the  attention  of  engineers  in  other 
raining  districts,  which  are  overlaid  by  glacial  drift,  to  the  impor- 
tance of  investigating  the  thickness  of  the  drift. 

I  am  informed  through  private  correspondence  that  the  accident 
which  recently  occurred  at  the  Deutscliland  mine  near  Schwinto- 
schlowitz,  in  Prussia,  whereby  43  miners  were  confined  in  the  mine 
for  170  hours,  by  a  portion  of  the  mine  filling  with  gravel  and  sand, 
has  been  attributed  to  the  same  causes  as  those  which  account  for 
the  Nanticoke  disaster. 
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BY  K.   W.    RAYMOND,  NEW  YORK  CITY. 

(St  Louis  Meeting,  October,  1886.) 

In  a  paper  on  the  Divining- Rod  {Transactions,  x\.,  411),  pre- 
sented at  the  Boston  meeting,  in  February,  1883, 1  suggested,  among 
other  signs  of  which  the  skilled  prospector  might  consciously  or 
unconsciously  avail  himself  in  the  search  for  springs  of  water  or 
mineral  deposits,  the  presence  of  particular  grasses  or  shrubs,  and 
the  general  appearance  of  the  flora.  There  are  not  wanting,  in  the 
literature  of  our  art,  indications  that  greater  attention  was  paid  to 
such  signs  in  ancient  days  than  at  present.  It  is  the  tendency  of  a 
scientific  age  to  ignore,  or  regard  as  superstitious,  what  cannot  be 
classified  or  explained.  But  the  acute  though  unscientific  observa- 
tion of  earlier  times  often,  doubtless,  accumulated  facts  which  it 
would  be  worth  our  while  to  re-examine.  It  is  highly  probable 
that  the  mining  prospectors  of  the  sixteenth  and  seventeenth  centu- 
ries, to  go  no  further  back,  were  close  students  of  nature,  and  knew, 
though  they  could  not  explain,  and,  for  reasons  of  private  gain, 
would  not  communicate,  many  curious  and  significant  facts.  We 
can  generalize  better  than  they  could  ;  but  for  that  very  reason  we 
are,  perhaps,  their  inferiors  in  observation.  They  let  nothing  pass, 
because  all  things  were  equally  significant  to  them.  We  take  wider 
views,  and  miss  more.  And,  no  doubt,  there  still  exists  among 
practical  mitiers,  prospectors,  hunters,,  Indians,  etc.,,  an   unwritten 
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loiv  which  it  woiiUl  Ik?  worth  wliile  to  invostigate — an  art,  which 
niit:ht  contribute  sonietlu'ng  of  value  to  science. 

Agricola,  at\er  describinii;  the  manner  in  whicli  veins  outcrop,  or 
can  l>e  traceil  by  *'  float  "  from  their  outcrops,  and  before  discussing 
the  diviniuir-rcxl  as  an  instrument  for  the  detection  of  hidden  veins, 
oilers  the  following  remarks  concerning  the  relations  between  vege- 
tation and  underlying  veins.:* 

"Then  we  study  veins  by  observing  the  hoar-frost,  by  which  all 
plants  are  whitened  except  those  which  grow  upon  veins,  because 
these  emit  a  warm  and  dry  exhalation,  hindering  the  congelation  of 
moisture;  wherefore  such  plants  rather  become  wet  with  water  than 
white  with  frost — as  may  be  observed  in  all  cold  places,  before  the 
plants  have  come  to  their  full  size,  as  in  April  and  May,  or  whea 
the  late  hay,  which  is  called  cordum,  has  been  cut  with  the  sickle, 
as  in  September.  Wherever  these  humid  plants  do  not  congeal 
with  hoar-frost,  there  is  a  vein  beneath.  If  this  exhales  very 
warmly,  that  ground  bears  low  plants,  not  of  lively  color.  Lastly, 
trees,  the  leaves  of  which  in  spring  are  bluish  or  livid,  the  upper 
branches  in  particular  being  affected  with  blackness,  or  some  other 
unnatural  color,  the  stems  cleft,  and,  like  the  branches,  black  or  dis- 
colored ;  for  these  are  the  effects  of  very  warm  and  dry  vapors, 
which  do  not  spare  even  the  roots  of  the  trees,  but  burning  them 
render  them  weak.  For  which  reason  th€  force  of  the  winds  more 
frequently  destroys  trees  of  this  kind  than  others ;  but  it  is  veins 

*  De  Re  MetaUica,  \i\yer  iL,  p.  26.     The  original  text  is  as  follows; 

"  Turn  venas  scrutaraur  observantes  pruinas,  quibus  omnes  herba«  candicant;  his 
exceptis  quae  crescnnt  supra  venas,  quippe  quae  ex  sese  emittunt  eihalationem  cali- 
dam  et  siccam,  quae  humidae  concretionem  impedit,  quocirca  talis  herbae  magis 
aquis  madent;  quam  pniinis  candicant,  quod  omnibus  locis  frigidis  eernere  licet, 
anteaquam  ad  justam  magnitudinem  herbae  pervenerint,  ut  Aprilo  et  Maio  mensi- 
bus  ;  aut  cum  jam  foenum  serotinuin,  quod  cordura  apjieilant,  falcibus  defectum 
fiierit,  ut  mense  Septembri.  Quo  igitur  loco  herba?  humidae  non  congelant  pruinii^ 
sab  est  vena  :  quse  si  spiraverit  valde  calidum,  ea  terra  fert  heHoas  huniiles  et  coloris 
non  vivi.  Postremo  arl>ores  quarum  folia  temix)re  veris  subcserulea  vel  livida 
Bunt;  rami  inprimis  su{>eriores  infecti  nigrore  ant  aliquo  alio  colore  non  natural!: 
8ti piles  bifid i  et  similiter,  atque  rami  nigri  vel  discolores :  ea  namque  opera  effi- 
cient valde  calidi  et  sicci  halitus :  qui  ne  radicibus  quidera  arborura  parcunt  s(d 
eas  adurentes,  prorsus  Infirnjas  reddunt.  <5ua  de  causa  vis  ventorum  frequentius 
extirpat  ejus  generis  arbores  quam  reliquas:  venas  autem  emittunt  halitits.  Quo 
igitur  loco  miiltse  arlxjres  longoquod.im  ordine  dispositse  ali^enissimo  tempore  amit- 
tunt  viriditatem  et  nigrescunt,  aut  discolorantur,  crebroque  vi  ventorum  dantur  ad 
casum,  ibi  sub  est  vena.  Quin  cum  item  longo  quodam  ordine,  quo  .se  vena  tendit, 
aliqua  herba  vel  aliquod  fungi  genus  crescit :  quibus  intervenia,  aut  interdum  aliw 
etiam  venae  prozinue  carent.     Atque  istis  modis  naturaiiter  venas  possunt  invenirL" 
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tliat  emit  the  vapor.  Wherever  therefore  many  trees,  situated  in  a 
given  long  line,  lose  their  vigor  and  blacken  or  become  discolored 
at  the  most  unseasonable  time,  and  are  frequently  overthrown  by 
the  force  of  winds,  there  is  a  vein  beneath.  But  when  likewise 
along  an  extended  course,  where  a  vein  stretches,  a  certain  plant  or 
a  certain  kind  of  fungus  grows,  which  is  absent  from  intervening 
lines,  or  even  from  neighboring  veins  [this  also  is  a  sign].  And  in 
these  ways  veins  may  naturally  be  discovered." 

The  word  "naturally"  (naturaliter)  in  the  last  sentence  seems  to 
be  used  in  our  modern  sense  of  "scientifically" — that  is,  by  the 
study  and  use  of  natural  facts  and  forces,  without  recourse  to  magic 
or  miracle.  For  the  next  sentence  takes  up  with  calm  increflulity 
the  subject  of  the  divining-rod,  which  Agricola  considers  to  be 
either  nothing  or  extra-natural,  z.e.,  demonic.  It  is  noteworthy  in 
the  above  extract  that  the  cause  susrerested  for  variations  of  ve^eta- 
tion  above  veins  is  physical  rather  than  chemical.  The  differences 
])roduced  by  subterranean  water-courses  upon  the  drainage  and  the 
tenjperature  of  the  soil  will  account  for  nearly  all  the  iiydijations 
mentioned.  But  there  is  significance  in  the  brief  alkision  to  par- 
ticular plants  or  fungi  as  growing  over  particular  veins.  It  shows 
that  this  phenomenon  had  been  observed. 

In  the  famous  work  of  the  Baroness  Beausoleil,  La  Restitution  de 
Pluto  (published  about  1640,  and  reprinted  in  Paris  in  1779),  of 
which  some  account  is  given  in  my  former  paper  already  cited,  one 
of  the  five  means  described  for  the  discovery  of  springs  of  water  is 
the  observation  of  herbs  and  plants  which  grow  above  them. 

Professor  MoritzGaetzschmann*  gives  the  following  list  of  plants 
indicative  of  saline  springs: 

Atrip/ex  laciniata,  portulacoides,  glauca ;  ZygophyUum;  Cynan- 
cluini;  Sakola  Kali,  Soda,  salsa,  saliva,  prostrata,  altissima,  sedoides, 
frulieosa,  Jiyssopifolla,  pilosa;  Salioornia  herbaoea,  Arabica,  strobi- 
lacea,  foliata;  Juncus  bottnicus;  Triglochin  maritimum ;  Ilelilotus; 
Kocliia  arenaria,  marina;  Plantago  dentata,  maritima ;  Aster  Tri- 
polium ;  Coronopus  salsa;  Centaurea  glastifolia ;  Arenaria  rubra; 
Anabasis  foliata;  Chenopodium  maritimum;  Ai'temisia  maritima, 
Uracunculus  ;  Glaux  maritima  ;  Glyceria  distans,  maritima  ;  Statice 
Ta7'tarica,  svffrutioosa,  reticulata. 

The  same  author  remarks  that  it  has  been  observed  that  dumps 
of  red  or  brown  hematite  or  clay -iron-stone,  lying  for  some  time 

*  Die  Auf-  und  Untersuchung  von  Ldfierstdttcn.  Ed.  ISoG,  p.  290.  Tlie  list  as 
there  printed  contains  errors,  which  rrof.  Poiter  has  kindly  corrected  for  lue. 
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oxposeil,  aiul  being  watertnl  voguhirly  to  promote  deeoinposition, 
bet'ome  oovortHl  with  t^peoiul  vegetation,  partly  nialvaceoiis  (mallow- 
like), with  red  and  yellow  flowers.  He  also  cites  from  Jngel's 
BerffU'crkshmst  (1772)  the  statement  that  jnniper  trees,  small  ivy 
and  wild  cherry  trees  growing  along  deiinite  lines  are  signs  of  hidden 
veins  of  ore. 

The  list  of  plants  which  indicate  simply  the  neighborhood  of 
water  wonld  be  much  longer.  In  fact,  the  botanist,  ])o.ssessed  of  a 
knowle<lge  of  the  root-length,  water-requirements  and  habits  of  dif- 
ferent species,  can  often  determine  the  nature,  amount  and  distance 
of  the  underground  water-supply  from  the  surface-vegetation. 

The  general  relation  between  the  flora  and  the  geological  forma- 
tion of  any  given  district  is  a  fact  familiar  to  field-geologists.  It  is 
often  possible  after  the  necessary  local  practice  to  follow  the  lines  of 
diflerent  rocks  by  this  sign  alone,  through  areas  where  there  are  no 
exposures.  Here,  doubtless,  we  have  to  do  with  causes  which  chemi- 
cal analysis  of  the  soil  will  reveal,  aside  from  those  which  depend 
upon  moisture  and  temperature  only.  And  we  are  prepared  to  be- 
lieve it  possible  that  not  only  the  proportions  of  silica,  lime,  alkalies, 
etc.,  in  the  soil,  but  also  the  presence  of  metallic  combinations,  may 
exert  an  influence  upon  vegetation. 

A  striking  instance — the  only  one,  so  far  as  I  know,  which  has 
been  scientifically  investigated  heretofore,  is  that  of  the  zinc-violet 
{Galmciveilchen)  or  Viola  calaminaria  of  Westphalia,  peculiar  to  the 
zinc-deposits  of  that  region.  I  translate  from  its  reprint  in  Pog- 
genclorff''s  Annalen  (xcii.,  175),  a  paper  on  this  subject  by  A.  Braun, 
which  appeared  in  the  monthly  report  of  the  Berlin  Academy  for 
January,  1854: 

"It  is  known  that  the  calamine-bearing  hills  of  Rlienish  Prussia  and  neighljoring 
parts  of  Belgium  possess  a  peculiar  flora.  The  traveller  in  that  region  is  particu- 
larly surprised  by  a  violet,  related  to  Viola  tricolor,  which  unfolds  its  numerous 
beautiful  yellow  blossoms  in  uninterrupted  succession  from  spring  to  late  autumn, 
and  is  generally  known  in  the  neighborhood  of  Aix  (near  Stolberg,  Hergenrath, 
Vieille  Montagne,  etc.)  by  the  name  Galmeiveilchen,  or  in  the  local  patois,  Kelmes- 
veiUhen  or  Kelmesblume  (calamine-violet,  calamine-flower).  Lejeune,  in  his  Revue 
de  la  Flora  ch  Spaa  (1824,  p.  26),  distinguished  this  as  a  separate  species,  under  the 
title  Viola  cnlaminaria ;  but  four  years  later,  in  his  Compendium  Florce  Belgicce, 
classed  it  as  V.  lutea  (Smith).  In  like  manner,  Koch  and  other  authors,  doubtless 
with  go<xl  reason,  consider  it  to  be  a  variety  of  V.  lutea  (Smith)  or  grandiflora 
(Huds.),  distinguished  from  V.  trimlor  principally  by  its  thread-like  underground 
runners,  by  means  of  which  it  survives  the  winter.  From  V.  lutea  of  the  Alps  and 
Alpine  highlands,  as  well  as  from  the  form  which  occurs  in  the  higher  Vosges  upon 
granite  and  syenite,  and  which  has  been  called  eleyans,  the  zinc-violet  difi'ers  greatly, 
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at  least  in  habitus,  its  stem  lying  more  prone,  <ind  branching  abnndantly  near  the 
ground  (whence  Koch's  suggestion  of  V.  lute.a,  var.  multicaulis),  and  the  flowers 
being  generally  smaller.  I  will  not  discuss  further  the  difficult  question  whether 
tlie  zinc-violet  can  be  considered  an  independent  species  or  not.  The  violets  of  the 
group  tricolor,  although  much  studied  of  late,  still  offer  many  difficulties  to  the  sys- 
tematic botanist  by  reason  of  their  extraordinary  variability  ;  so  that  the  correct 
medium  between  classing  them  all  under  V.  tricolor  and  distinguishing  numerous 
varieties  (as  Jordan  has  attempted  to  do)  is  hard  to  find. 

"In  company  with  V.  calaminnria  are  found  several  other  plants  characteristic 
for  the  calamine  hills,  among  wliich  I  will  specially  name  Alsine  vcrna,  Armeria 
vulgaris  and  Tldaspi  alpestre  {I'M.  calaminare  of  Lejeune).  These  plants,  however, 
although  in  that  region  they  characterize  the  calamine  hills,  grow  in  many  other 
regions  on  soil  free  from  zinc. 

"  The  color  of  ihe  blossoms  of  V.  lutea  {grandiflora),  of  the  Alps  and  Vosges,  varies 
from  the  darkest  violet  through  manifold  gradations  and  mixtures  to  the  purest 
yellow.  The  blossoms  of  V.  calarninarta,  on  tiie  other  hand,  at  least  in  the  neigh- 
borhood of  Aix,  are  almost  always  yellow,  now  dark,  almost  to  dodder-yellow,  now 
lighter,  to  wliitish-yellow.  Only  on  the  borders  of  the  zinc-region  occur  here  and 
there  specimens  with  light  violet  or  bluish  or  mixed  yellow  and  bluish  blossoms, 
pronounced  by  Kaltenbach,  in  his  Flora  des  Aachener  Beckens,  to  be  hybrids  between 
V.  calaminaria  and  the  ordinary  V.  tricolor,  which  indeed  occurs  upon  cultivated 
land  in  the  vicinity.  It  is  noteworthy  also  that  I  obtained  one  genuine  P^.  cala- 
minaria with  dark  violet  blossoms.  It  was  found  by  my  brother  Max  near  Blank- 
enrode  in  the  Warburg  district,  in  the  most  easterly  part  of  Westphalia,  growing 
upon  zinc-bearing  soil,  and  also  in  company  with  Alsine  verna. 

"The  mining  officials  of  Vieille  Montague  assure  me  that  the  zinc-violet  cannot 
be  cultivated  in  gardens  without  reverting  to  the  characteristics  of  the  ordinary 
tricolor.  This  probably  refers  to  a  change  in  the  color  of  the  blossoms  only — a  point, 
concerning  which  experiments  already  begun  in  the  Berlin  Botanical  Garden  may 
give  further  light. 

"  The  occurrence  of  V.  calaminaria  in  a  relation  so  constant  to  the  zinc-contents 
of  the  soil  that  successful  mining  explorations  are  undertaken  on  this  sign  alone, 
led  me,  during  my  visit  to  Aix  last  year,  to  request  Mr.  Victor  Monheim,'of  that 
place,  who  is  eminent  as  a  mineralogist  and  chemist,  to  make  a  chemical  examina- 
tion of  this  plant,  with  special  reference  to  possible  traces  of  zinc.  Mr.  Monheim 
courteously  acceded  to  my  wish,  and  sent  me  in  November  the  following  report 
....  from  which  it  must  certainly  be  concluded  that  to  the  eighteen  elements 
hitherto  known  as  entering  into  the  structure  of  plants,  zinc  must  now  be  added. 

"  Abstract  of  3[onheim's  Report  on  Analysis  of  V.  lutea  calaminaria. — Plants  col- 
lected in  October,  in  part,  still  in  flower;  freed  from  adhering  earthy  particles  by 
washing;  treated  with  water  acidified  with  hydrochloric  acid  for  16  to  18  hours, 
until  no  more  inorganic  matter  was  taken  up.  The  finely-divided  plant  was  then 
treated  with  HCl  for  12  hours  in  a  wafer-bath,  and  in  the  decoction  thus  prepared 
zinc  was  detected  by  the  usual  method.  Zinc  was  also  detected  in  the  sap  of  the 
plant." 

I  am  informed  that  the  late  M.  Tessie  du  Motay  recognized  this 
zinc-plant  at  the  Horn  Silver  mine  in  Utah,  the  ore  of  which  con- 
tains a  considerable  amount  of  a  curious  flesh  colored  zinc-blende. 

Fig.  1  is  a  life-size  sketch  of  V.  calaminaria,  made  from  a  speci- 
men in  the  herbarium  of  Columbia  College. 
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Viola  luUa  (calaminaria)  (Natural  Size). — From  a  Specimen  in  the  Herbarium  of 
Columbia  College,  New  York  City. 
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Fig.  2. 


Amorpha  canescens  (Natural  Size).— From  a  Specimen  in  the  Herbarium  of 
Columbia  College,  New  York  City. 


INDICATIVE   PLANTS.  651 

To  this  imlicative  j^lant  may  be  added  the  "  lead- plant,"  Amorpha 
caue.'<cens,  Xutt.,  of  which  Fij;.  2  is  a  drawing  in  natural  size,  also 
from  a  s|>ooimen  in  the  Columbia  College  herbarium.  It  is  a  low 
shrub,  from  one  to  three  feet  high,  whitened  with  hoary  down.  Its 
leaves  are  very  numerous  and  spring  directly  from  the  stem  without 
foot-stalks.  The  leaflets,  arranged  in  fifteen  to  twenty-five  pairs, 
are  crowded,  small  and  elliptical,  with  sharp  sj)iny  terminals.  Their 
upper  surface  becomes  smooth  with  age.  The  flowers  are  aggregated 
in  spikes,  the  individual  blossoms  being  almost  without  foot-stalks. 
The  calyx-teeth  are  rather  long,  equal,  and  in  shape  between  an  egg 
and  a  lani'e-head  (ovate-lanceolate).  The  color  of  the  vexillum  or 
upj>er  petal  is  light  blue.  The  plant  is  most  abundant  in  Michigan, 
Wisconsin  and  Illinois,  and  ranges  south  westward  ly.  Descriptions 
of  it  may  be  found  in  Torrey  and  Gray's  Flora  of  North  America, 
vol.  i.,  p.  30G,  and  in  Gray's  Manual,  5th  ed.,  p.  130.  The  name 
"lead-plant,"  locally  given  to  it,  expresses  the  belief  of  the  miners 
that  it  indicates  the  presence  of  lead-ores  in  the  soil,  or  at  least 
flourishes  best  where  such  ores  exist.  I  believe  it  is  followed  as  a 
guide  by  prospectors  in  looking  for  the  deposits  of  galena  in  lime- 
stone which  characterize  the  region  named,  and  which,  as  is  well 
known,  are  scattered  and  irregular,  and  usually  have  no  out-crops. 

Another  indicative  plant  has  been  reported  to  me  since  this  paper 
was  presented,  by  my  friend  Dr.  F.  Stapff,  now  of  Berlin,  who 
writes  that,  some  years  ago,  during  a  visit  to  the  neighborhood  of 
Caceres,  Estremadura,  Spain,  he  was  surprised  by  the  skill  with 
which  the  native  prospectors  located,  in  spite  of  surface-gravel,  the 
underlying  outcrops  of  phosphorite.  It  is  not  easy  to  recognize 
scattered  and  more  or  less  decomposed  fragments  of  this  mineral, 
particularly  when  sparsely  distributed  in  the  debris  of  the  Silurian 
slates  and  the  Devonian  dolomite,  along  the  contact  of  which  it 
occurs.  On  inquiring  whether  any  peculiar  vegetation  indicated  its 
locality.  Dr.  Stapff  was  told  that  a  creeping  plant  with  bell-shaped 
flowers  frequently,  if  not  invariably,  marked  the  spot.  He  collected 
specimens  of  this  plant,  growing  along  the  contact  referred  to,  but 
preferring  apparently  the  slate,  between  the  Esmeralda  and  the 
Salvador  mines,  in  the  district  named;  and  although  flowers  could 
not  be  obtained  (it  was  in  April,  1884),  Professor  Ascherson,  of 
Berlin,  easily  recognized  it  as  Convolvulus  althaeoides,  a  plant  which 
is  not  uncommon  in  the  northern  parts  of  Africa  and  the  southern 
parts  of  Spain,  where  it  grows  on  limestone  or  even  on  sand.  Dr. 
Stapff  kindly  sent  me  a  specimen,  which,  as  it  arrived  in  somewhat 
damaged  condition,  and  lacked  the  flower,  I  have  not  had  engraved. 
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To  the  throe  foregoing  instances  I  wish  now  to  add  a  fourth,  for 
which  I  am  indebted  to  a  member  of  the  Institute,  Mr.  Aug.  lialit, 


Fig.  3. 


Eriogonum  ovaliJ'oUum  (natural  size),  from  a  specimen  sent  by  Aug.  Raht,  Esq., 
Wickes,  Montana. 

Superintendent  of  the  Helena  Mining  and  Reduction  Company,  at 
Wickes,  Montana.     Mr.  Raht,  by  the  way,  has  called  my  attention 
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to  tl»e  case  of  an  iron-ore  vein  near  Siegen,  Germany,  which  can  be 
tractxl  nearlv  two  miles  by  birch  trees  growing  on  its  outcrop,  while 
the  remainder  of  the  country  is  covered  with  oak  and  beech,  liut 
his  more  impt^rtant  contribution  to  this  subject  was  made  early  last 
summer,  when  he  sent  me  from  Montana  a  specimen  of  a  j)lant,  at 
that  time  unrecognized  by  either  of  us,  which  he  said  was  generally 
regarded  by  experienced  prospectors  as  an  indication  of  silver-ore 
in  tiie  soil  on  which  it  grew. 

For  the  determination  and  description  of  this  plant,  I  am  indebted 
to  Professor  Thomas  C  Porter,  of  Lafayette  College,  Easton,  Pa., 
who  kindly  took  much  interest  in  the  subject,  and  exjiressed  to 
me  his  opinion  that  the  supposed  relation  between  the  plant  and 
the  metallic  constituents  of  the  soil  was  not  improbable,  and  was 
certainly  worth  investigation. 

Of  this  plant,  Eriogomnn  ovalifolium,  which  may,  perhaps,  be 
destined  to  wear  the  title  of  the  "silver-plant,"  Fig.  3  is  a  drawing 
in  natural  size.  It  shows  but  one  peduncle  or  flower-stem  perfect, 
and  two  broken  in  transmission.  But,  as  Mr.  Raht  informs  me,  the 
specimen,  when  complete,  was  but  a  small  part  of  the  bunch  or 
clump  from  which  it  was  taken.  One  of  these  bunches  contains 
sometimes  as  many  as  twenty-five  flowers. 

The  genus  Eriogonum,  of  the  order  PoJygonacece,  is  distinctly 
marked,  and  almost  exclusively  Xorth  American.  It  embraces  over 
100  species,  two  of  which  occur  in  iSIexico,  and  97  in  the  United 
States.  Of  the  latter,  two  are  restricted  to  the  South  Atlantic  States, 
and  the  remainder  cover  the  region  between  the  Mississippi  and  the 
Pacific  Ocean.  The  genus  has  been  divided  by  Watson  (Proc.  Am. 
Acad.,  vol.  xii.)  into  three  sections,  and  the  plant  now  under  con- 
sideration belongs  to  the  third  {Oregonium),  being  included  in  a  sub- 
genus, Heterosepala.* 

*  For  the  benefit  of  botanical  readers,  I  give  the  technical  description  of  the 
snb-genns  Heterosepala,  and  the  species  Ovalifolium,  taken  from  Watson's  Botany  of 
California,  vol.  ii.,  p.  26.  For  this  as  well  as  other  botanical  information  upon  the 
subject,  which  I  have  given  in  less  technical  language  in  the  text,  I  am  indebted  to 
the  kindness  of  Professor  Porter.     Watson's  description  is  as  follows: 

"  1.  Perianth  glabrous,  not  at  all  attenuated  at  base,  the  outer  lobes  broad,  some- 
what cordate,  the  inner  ones  much  narrower ;  ca?spitose  perennials,  willi  a  short 
and  cU»selv  branched  caudex,  densely  tomentose ;  involucres  in  a  single  head  or 
short  cyme,  upon  the  naked  pedimcle ;  bracts  very  smooth,  rigid,  and  acute;  ovary 
scabroas  above,  or  the  angles  and  filaments  pilose.  {Ileteroaepala,  T.  and  G.) 

"Eriogonum  ovalifolium,  Nutt.  (Journal  Phila.  Acad.,  vol.  vii.,  p.  50,  t.  8.)  Low 
and  densely  csespitose  ;  leaves  orbicular,  2  to  6  lines  broad,  obtuse,  rarely  oblong  or 
acutish,  mostly  abruptly  narrowed  into  a  slender  petiole  ;  peduncles  slender,  2  to  9 
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It  is  variable  and  abundant  in  the  mountains  and  on  tlie  foot-hills 
from  the  eastern  slope  of  the  Sierra  Nevada  to  the  Rocky  Moun- 
tains, and  northward  to  the  British  boundary.  The  form  figured 
is  the  dwarf  mountain-form,  common  in  the  mountains  of  Idaho 
and  Montana,  and  remarkable  for  its  smaller  leaves,  coated  with  a 
thick  white  fur,  and  its  head  of  rose-colored  flowers.  It  grows  in 
low  dense  tufts  or  turf-like  bunches;  its  bluntly-pointed  leaves 
narrowing  into  slender  foot-stalks,  and  its  flower-clusters  supported 
by  long,  smooth,  slender  stems.  A  glance  at  the  drawing,  which  is, 
as  I  have  said,  of  natural  size,  will  show  how  much  smaller  this 
form  is  than  the  ordinary  ovalifollum,  as  described  by  Watson,  in 
the  foot-note  on  a  preceding  page. 

I  should  add,  that  while  the  specimen  submitted  to  Professor 
Porter,  and  subsequently  drawn  for  the  engraver,  had  rose-colored 
flowers,  other  specimens  forwarded  by  Mr.  Raht,  and  apparently  of 
the  same  variety,  had  yellow  flowers.  It  will  be  interesting  and 
important  to  ascertain  by  further  wide  inquiry,  whether  this  differ- 
ence in  color  (which  is  quite  within  the  limits  of  variation  shown 
by  the  species)  is  considered  significant  by  prospectors.  Moreover, 
I  trust  that  the  members  of  the  Institute  will  use  their  opportuni- 
ties to  determine  how  widely  the  belief  in  the  Eriogonum  as  a 
"silver-plant"  is  entertained,  and  what  foundation  there  is  for  it. 
The  discovery  of  the  plant  growing  wild  in  localities  where  there 
are  no  silver-ores  would  tend,  of  course,  to  disprove  the  belief.  But 
its  absence  from  argentiferous  localities  may  prove  nothing. 

Judging  both  from  the  general  laws  of  the  distribution  of  plants, 
and  from  the  analogy  furnished  by  Viola  calaminaria,  we  may  ex- 
pect that  an  indicative  plant  will  be,  not  a  distinct  species,  but  a 
variety  of  some  widely  distributed  species,  the  range  of  the  species 
as  a  whole  being  determined  by  general  conditions  of  climate,  alti- 
tude, and  soil,  while  the  characteristics  of  the  variety  are  affected 
by  causes  peculiar  to  the  mineral  deposit.  Temperature  and  mois- 
ture, as  Agricola  pointed  out,  are  among  these  causes,  and  color  is 
one  of  the  most  sensitive  of  their  effects.  It  is  quite  reasonable  to 
believe  that  the  presence  of  a  minute  proportion  of  some  metallic 
ingredient  in  the  soil  may  affect  the  color  of  a  plant  absorbing  it. 
On  the  other  hand,  it  is   not  certain,  even  if  a  plant  is  proved  to 

inches  high  ;  involucres  3  to  8,  in  a  single  close  head,  2  to  2h  lines  long;  flowers 
rose-colored,  white  or  yellow,  1^  to  2.}  lines  long,  the  outer  lobes  oblong,  becoming 
sub-orbicular,  the  inner  spatulate,  or  often  retuse. 

"  Var.  prolij'erum,  Watson.     Involucres  more  or  less  diffusely  cymose-umbellate." 
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indicate  bv  color  or  other  peculiarities  the  presence  of  silver,  that 
silver  is  the  suhstance  actually  entering  into  and  altering  the  plant. 
The  effect  may  be  due  to  some  other  mineral  substance  associated 
with  the  silver-ores  ;  and  our  silver-plant  may  be  indicative  of  silver 
in  a  silver-region  only.  A  similar  case  is  presented  in  prospecting 
for  gold.  As  we  all  know,  most  of  the  signs  (aj)art  from  visible 
particles  of  gold")  which  indicate  to  us  a  favorable  "quartz,"  are  due 
to  the  decomposition  of  iron  pyrites  or  other  minerals,  with  which 
the  gold  has  been  associatal ;  and  these  signs  have  often  been  ob- 
serveii  (and  followed  to  disappointment)  in  localities  where  there 
was  no  gold  at  all. 

Now  the  Eriogonum  ovaUfolium  appears  to  have  a  geographical 
range  in  this  country  almost  as  great  as  that  of  the  Artemisia  or 
wild  sage;  and  if  that  is  all  we  can  find  out  concerning  it,  it  would 
be  but  a  vague  guide  to  silver-mines.  Everybody  knows  enough 
to  look  in  foot-hills  and  mountains  in  the  sage-country  for  indica- 
tions of  silver-ores.  But  if  this  widespread  Eriogonum  shows  in 
the  presence  of  silver  some  peculiarity,  minute,  perhaps,  but  con- 
stant, then  it  will  vindicate  its  title  as  the  silver-plant. 

I  trust  that  not  only  this  plant,  but  the  whole  subject  of  the  rela- 
tions between  the  flora  and  the  mineral  deposits  of  our  mining  dis- 
tricts will  receive  at  the  hands  of  our  members  a  thorouojh  investiofa- 
tion.  They  are  exceptionally  well  situated  to  co-operate  in  such  a 
work,  and  to  bring  together  in  a  short  period,  from  all  parts  of  the 
continent,  a  mass  of  carefully  gathered  information  such  as  no  single 
individual  could  collect  in  a  lifetime.  Upon  any  who  may  be  stimu- 
lated by  this  paper  to  contribute  further  facts  upon  the  subject,  I 
would  earnestly  urge  the  importance  of  careful  and  patient  verifica- 
tion and  exhaustive  study  of  local  data. 

Postscript. 
After  the  presentation  and  discussion  of  the  foregoing  paper  at 
the  St.  Louis  meeting,  I  gave  to  a  member  of  the  Institute,  Mrs. 
Ellen  Richards,  of  the  Massachusetts  Institute  of  Technology,  the 
somewhat  broken  specimens  of  Eriogonum  ovaUfolium  which  I  had 
exhibited  to  the  Institute.  Most  of  them  had  rose-colored  blossoms; 
on  one  or  two  the  blossoms  were  yellow.  Mrs.  Richards  has  since 
reported  to  me  the  following  interesting  results  of  chemical  analysis. 
In  consequence  of  the  views  above  suggested  as  to  the  possible 
significance  of  color,  the  pink-flowered  plants  were  treated  sepa- 
rately.    The  specimens  were  cleaned  as  completely  as  possible  from 
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earth;  but  this  separation  could  not  be  made  perfect,  because  the 
earth  adhered  in  |)articles  to  the  woolly  leaves,  as  was  proved  by 
the  subsequent  detection  in  the  ash  of  scales  of  bronze  mica.  The 
plants  lost  6  per  cent,  of  moisture  on  drying  at  100°  C.,and  yielded 
12  per  cent,  of  ash,  of  which  4.8  per  cent,  was  soluble  in  acid. 
This  soluble  portion  contained  in  100  parts,  SiOj,  2;  Al203(Fe203), 
24 ;  CaO,  26  ;  MgO,  1.5  ;  alkalies,  as  chlorides  and  sulphates  (mostly 
KgO),  27.8  parts.  The  presence  of  arsenic  was  qualitatively  proved  in 
the  plants,  and  the  earth  was  found  to  contain  a  considerable  pro- 
poi'tion  of  it,  but  silver  could  not  be  found.  In  the  plants  with 
yelloio  flowers  arsenic  was  not  found. 

These  results  need  to  be  confirmed  by  further  experiment  upon 
larger  quantities  and  under  more  favorable  conditions,  but  they  are 
certainly  striking  and  suggestive. 

Discussion. 

H.  C.  Freeman,  Alto  Pass,  111.:  There  is  much  of  value  in  this 
idea  that  certain  vegetation  belongs  to  certain  belts  of  minerals, 
so  far  as  to  have  a  preference  and  to  be  indicative  of  the  presence  of 
a  given  mineral  or  group  of  minerals.  Any  one  familiar  with  the 
Blue  Ridge  of  the  South  will  have  noticed  how  the  vegetation  cor- 
responds with  the  underlying  strata,  which  are  there  all  tilted  up, 
forming  parallel  belts,  sometimes  changing  every  few  yards,  with  a 
northeastern  course.  Following  any  one  of  these  belts,  when  there 
is  no  washing  of  materials  from  a  neighboring  one,  we  find  that  the 
vegetation,  when  in  the  primitive  or  wild  state,  remains  constant; 
but  crossing  the  country  in  a  southeast  or  northwest  course  we  find 
the  vegetation  constantly  changing,  corresponding  to  the  changing 
strata  below,  by  the  decomposition  of  which  the  surface  soil  is 
formed. 

We  know  that  certain  plants  and  trees  are  indicative  of  certain 
soils ;  and  so  well  established  is  this  fact  that,  in  the  United  States 
land  surveys,  the  notes  of  the  surveyor  give  the  predominant  trees 
along  the  lines  of  survey,  and  persons  familiar  with  the  subject 
know  the  character  of  the  soil  and  how  to  select  lands  from  these 
notes  of  the  prevailing  vegetation,  without  seeing  the  land  or  locality. 
In  making  this  general  statement,  having  so  wide  a  bearing,  the 
climatic  conditions  must  not  be  ignored ;  on  the  other  hand,  the 
vegetation  is  also  indicative  of  variations  of  climate. 

As  more  directly  pertinent  to  the  specific  idea  of  mineral  indica- 
tions, I  will  cite  two  cases  that  occur  to  my  mind. 
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William  Porn,  of  South  Carolina,  was  for  many  years  a  gold 
prospector  and  miner,  and  lived  to  be  eighty-three  years  old.  He  dis- 
eovereil  and  owned  the  celebrated  Dorn  mine  in  South  Carolina, 
from  which  he  took  out  $700,000  in  two  years.  Mr.  Dorn  was  a 
firm  believer  in  the  indication  of  a  certain  bush  as  showing  the  line 
of  gold-bearing  lodes  in  the  Blue  Ridge  country.  I  was  once  in- 
formal of  the  appearance  of  the  plant,  but  never  learned  its  name, 
and  c-annot  now  describe  it. 

The  beech  is  a  well-known  lover  of  limestone.  I  have  seen  it  as 
the  predominant  tree  in  wet,  flat  lands  tliat  were  strongly  calcareous. 
The  Cincinnati  hills  have  numerous  thin  beds  of  Upper  Silurian 
limestone  outcropping  on  their  faces  to  the  summits.  A  few  years 
ajro  these  hills  were  covered  with  magnificent  beech  trees.  Several 
years  of  observation  of  this  relation  of  the  beech  to  limestone  led  me 
to  note  that  if  I  found  a  body  of  beech  trees  in  an  unusual  situation, 
I  could  expect  to  find  limestone  there  invariably.  Twenty  years 
ago,  taking  a  trip  on  the  Great  Kanawha  in  West  Virginia,  I 
noticed  a  line  of  beech  trees  on  the  face  of  the  hill,  and  following 
the  line  of  stratification,  which  indicated  to  me  a  closely  underlying 
bed  of  limestone.  The  formation,  I  knew,  was  the  coal-measures, 
and  beech  trees  were  a  rarity,  I  remarked  to  a  friend  that  there 
must  be  a  bed  of  limestone,  and  pointed  to  the  beech  trees  as  evi- 
dence of  it.  He  was  a  resident  of  the  region  and  well  acquainted 
with  the  locality,  and  was  sure  there  could  be  no  limestone  there. 
A  few  weeks  later  T  had  occasion  to  do  some  work  in  the  neighbor- 
hood, and  went  to  the  spot  to  satisfy  myself  about  this  first  failure 
of  mv  often-demonstrated  observation.  The  trees  were  ffrowincr  on 
the  outcrop  of  a  bed  of  dolomitic  limestone  4  feet  thick.  My 
friend  had  not  recognized  it  as  limestone,  because  it  would  not  burn 
into  caustic  lime. 

There  must  be  many  experiences  of  this  character,  that,  gathered 
np  and  properly  collated,  will  form  a  valuable  fund  of  reliable 
information  of  indicative  vegetation.  I  wish  cordially  to  indorse 
this  effort  towards  that  end. 

C.  A.  AsHBURNER,  Philadelphia,  Pa.:  I  can  corroborate,  from 
experience  in  the  Pennsylvania  Geological  Survey,  the  statement 
t  that  underlying  strata  may  be  traced  without  the  aid  of  exposures 
by  characteristic  forest  growths. 

F.  C.  Blake,  Mansfield  Valley,  Pa.  :  A  large  number  of  inter- 
esting experiments  have  been  made  by  Dr.  A.  B.  Griffiths  upon  the 
value  of  iron  sulphate  as  a  manure,  which  also  give  many  results 
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relating  to  the  absorption  of  iron  by  various  plants.  His  experi- 
ments were  published  in  the  Journal  of  the  Chemical  Society  for 
1883,  1884  and  1885,  and  were  made  upon  beans,  cereals,  turnips, 
beets,  and  other  vegetables.  His  main  results  were,  that  those 
plants  which  develop  a  large  amount  of  chlorophyll  are  much 
benefited  by  an  iron  manure.  The  absorption  of  iron  by  beans 
was  largest  in  the  stalks  and  leaves,  less  in  the  pods,  and  in  the 
seeds  was  not  appreciably  greater  than  when  iron  sulphate  was  not 
used  on  the  ground.  It  was  also  demonstrated  that  much  depends 
upon  the  amount  of  iron  sulphate  used,  and  upon  the  nature  of  the 
soil.  A  soil  containing  a  large  amount  of  decomposable  alkaline 
salts  or  compounds  of  the  alkaline  earths  will  take  a  larger  amount 
of  iron  sulphate  than  a  sandy  soil.  This  fact  is  observable  in 
regions  affected  by  the  drainage  of  coal-mines,  as  I  have  noticed 
about  Pittsburgh. 

Manganese  occurs  in  many  plants,  especially  in  tea  and  in  tobacco, 
the  Kentucky  variety  being  the  richest.  It  has  also  been  found  in 
roses  and  pinks  ;  but  there  is  no  evidence  that  its  presence  has  any- 
thino;  to  do  with  the  color  of  the  flowers. 

Dieulafait  has  shown  that  all  rocks  of  primordial  formation  con- 
tain copper,  and  he  finds  this  element  present  in  the  plants  growing 
on  such  rocks  to  such  an  extent  as  to  be  readily  recognized  in  one 
gramme  of  ash  by  the  ammonia  test.  Plants  growing  on  dolomite 
also  contain  copper  sufficient  for  detection  in  one  gramme  of  ash  ; 
but  plants  grown  on  pure  limestone  contain  but  traces  of  copper, 
requiring  at  least  100  grammes  of  ash  for  its  detection. 

F.  C.  Phillips,  of  the  Western  University  of  Pennsylvania,  has 
made  a  number  of  experiments  upon  the  growth  of  plants  in  earth 
treated  with  metallic  salts.  Ageratums  in  soil  containing  0.5  per 
cent,  of  white  lead  matured  and  produced  flowers.  Geraniums  in 
soil  containing  0.5  per  cent,  of  zinc  carbonate  grew  normally  but 
contained  zinc.  Copper  carbonate  and  calcium  arsenate,  especially 
the  latter,  seemed  to  be  more  injurious.  Pansies  grew  normally  in 
soil  containing  zinc  carbonate,  though  the  ash  showed  a  considerable 
zinc-absorption. 

C.  Krauch  states  that  zinc  sulphate  kills  barley  and  grasses  when 
the  plants  are  watered  with  a  solution  of  one  gramme  per  liter  of 
water.  Later  experiments  by  Krauch  seemed  to  show  that  much 
depended  upon  the  nature  of  the  soil  and  the  variety  of  plant 
affected  by  zinc  solutions,  as  well  as  upon  the  strength  of  the  solu- 
tion.    When  the  soil  was  of  such  a  nature  that  it  contained  au 
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excess  of  lime,  niairnesia,  potash  and  aliiiiiina  salts  for  clecomj)os- 
ing  the  zinc  sulphate,  the  etfect  on  phint  growth  was  not  injurious. 
Freytag  showed  by  experiments  that  various  cereals  flourished  in  soil 
containing  5  per  cent,  zinc  oxide. 

A.  Bauinann,  to  test  the  etleot  of  the  nature  of  the  soil,  found 
that  all  plants,  of  thirteen  species  tried,  with  the  exception  of  coni- 
/<T(T,  sjx'edily  dieil  in  a  solution  containing  10  niilligranimes  of  zinc 
to  the  liter,  though  they  nearly  all  throve  in  a  solution  of  one-tenth 
this  strength.  Plants  grown  in  a  lime  soil,  rich  in  humus,  were 
watere<l  with  a  zinc  solution,  and  also  plants  grown  in  a  sandy  soil. 
The  latter  soon  died,  showing  that  the  soil  could  not  convert  the 
zinc  suljihate  into  a  harmless  form.  In  the  calcareous  soil,  however, 
the  plants  throve  better  when  watered  with  zinc  solution  than  when 
watered  with  distilled  water  only.  This  was  no  doubt  due  to  the 
convei*sion  of  insoluble  earths  into  a  soluble  form. 

These  facts  may  seem  a  little  foreign  to  the  paper  upon  "  Indica- 
tive Plants,"  yet  it  is  useful  to  know  that  experiments  have  shown 
that  certain  plants  thrive  mu(;h  better  than  others  in  earth  contain- 
ing mineral  salts,  and  that  the  mineral  absorption  varies  with  dif- 
ferent species.  That  any  experiments  have  been  made  to  show  the 
effect  of  metallic  salts  upon  the  coloring  matter  of  the  plant-blossom 
I  do  not  know;  but  enough  has  been  done  in  the  investigation  of 
the  coloring  matter  of  flowers  to  show,  I  think,  that  direct  absorp- 
tion of  the  metallic  salt  into  the  petals  of  the  blossom  might  not  be 
necessary  to  produce  special  colors  in  the  blossom. 

It  has  also  been  proved  that  certain  soils  change  the  normal  color 
of  certain  plant-blossoms,  while,  upon  other  plants,  the  same  soil 
produces  no  abnormal  effects.  Dr.  Raymond's  paper  has  been  one 
of  great  interest  to  me,  and  I  hope  that  there  will  be  those  who  can 
carry  out,  by  actual  experiment,  some  of  the  many  lines  of  investi- 
gation suggested  by  this  valuable  paper. 

John  M.  Desloge,  St.  Loufs,  Mo.  :  Last  summer,  while  pros- 
pecting with  a  diamond  drill,  I  had  in  my  employ  an  explorer  who, 
while  sinking  pits  in  the  clay  to  reach  the  rock  and  set  the  drill, 
was  accustomed  to  prophesy,  if  gum-trees  or  trees  with  dead  tops 
were  near,  that  "  clay-galena,"  that  is,  galena  imbedded  in  the  clay, 
would  be  found.  But  he  was  right  in  one  instance  only,  and  wrong 
in  all  the  others.  I  account  for  his  failures  (if  there  be  any  founda- 
tion at  all  for  the  tradition  on  which  he  relied)  by  the  circumstaivce 
that  I  was  operating  in  the  region  of  disseminated  galena  in  dolo- 
mite, and  not  in  that  of  the  clay-diggings.     He  had  got  the  notion 
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from  his  experience  as  a  clay-miner  in  Washington  County,  Mo. 
In  that  locality  it  might  have  some  truth  in  it.  I  spent  my  child- 
hood there,  and  I  was  often  struck  with  the  abundant  growth  of 
sumac  and  sassafras  in  the  fields  where  large  quantities  of  "clay" 
or  "float"  galena  had  been  rained.  I  remember,  also,  that  a  plant 
having  a  root  like  a  parsnip  grew  in  these  diggings,  and  was  called 
by  the  old  miners  "  mineral  root."  No  doubt  the  mineral  charac- 
teristics of  the  soil  may  have  supplied  the  conditions  for  its  ex- 
istence. 

John  Wilkes,  Charlotte,  N.  C. :  My  attention  has  been  repeat- 
edly drawn  to  the  presence  of  sassafras  and  blackberry  bushes  in 
close  proximity  to  our  auriferous  veins  in  the  South,  particularly  on 
the  dumps  of  old  workings.  But  I  have  hitherto  attributed  it  to 
the  turning  up  of  the  surface,  giving  greater  depth  of  soil,  which 
these  plants  seek  with  their  long  tap-roots.  The  surface  soil  on  the 
belt  of  Taconic  auriferous  slates  of  the  South  is  thin,  and  a  stratum 
of  clay  underlies  it,  which  the  farmers  do  not  like  to  disturb. 
Hence,  it  is  not  the  custom  to  plough  deep;  and  the  gold-miners 
throw  out  in  their  digging  a  deeper-lying  soil  than  is  usually  ex- 
posed by  agriculture.  I  have  supposed  that  such  exposures  of  soil 
favor  certain  kinds  of  vegetation.  But  since  nearly  all  our  veins 
bear  sulphurets  of  iron  or  copper,  it  is  possible  that  the  special 
growth  and  vigor  of  the  plants  named,  or  of  others,  may  be  in  some 
degree  due  to  the  presence  of  such  metallic  salts  as  result  from  the 
decomposition  of  these  minerals.  I  shall  observe  such  facts  with 
new  interest  hereafter. 

W.  H.  Potter,  St.  Louis,  Mo. :  The  lead-deposits  in  the  interior 
of  this  State,  are,  as  is  well  known,  irregular  and  scattered,  as 
"gash-veins,"  "  pipe- veins,"  "chambers,"  etc.,  in  dolomite.  These 
veins  are  often  traceable  on  the  surface  by  a  low  swale,  and  by  cer- 
tain plants  which  the  prospectors  follow.  I  believe  they  are  chiefly 
long-rooted  plants.  I  am  not  able  to  say  at  present  whether  Amor- 
pha  canescens  is  one  of  them,  though  it  may  very  likely  be  so,  since 
the  conditions  are  not  unlike  those  of  the  lead-regions  of  neigh- 
boring States,  where  that  plant  has  been  found  "  indicative." 

R.  P.  Rothwell,  New  York  City  (communication  to  the  Secre- 
tary):  At  a  former  meeting  {Trcms.,  xiv.,  496)  I  pointed  out  the 
fact  that  arsenic  used  as  Paris  green,  etc.,  to  destroy  injurious  insects, 
is  not  found  to  be  taken  up  by  vegetation.  I  suspect  that  the  result 
reported  by  Mrs.  Richards  was  due  to  the  adhering  earth  which  she 
mentions. 
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TEE  USE  OF  XAJTIiAL  GAS  IX  A  LEAD  BLAST-FURNACE. 

BY  FRANXIS  C.   BLAKE,  MANSFIELD   VALLEV,  PA. 
(St.  Louis  Mooting,  October,  1SS7.) 

Although  the  use  of  gaseous  fuel  iu  blast-furnaces  has  been 
often  proposed,  I  hope  the  description  of  a  very  simple,  yet  practical 
and  valuable,  application  of  natural  gas  to  the  smelting  of  lead-ores 
and  residues,  at  the  works  of  the  Pennsylvania  Lead  Company,  will 
pn)ve  interesting. 

In  May,  1886,  directly  after  replacing  tlie  use  of  bituminous  coal 
at  the  above  works  by  that  of  natural  gas,  iialf-inch  pipes  from  a 
branch  gas-main  were  inserted  directly  into  the  tuyeres  of  a  lead 
blast-furnace,  and  through  these  pipes  gas  was  delivered  into  the 
furnace,  with  the  air-blast  at  a  pressure  a  little  more  than  double  that 
in  the  tuyere-pipes.  At  the  same  time  the  blast-pressure  at  the 
tuyeres  was  increased  by  an  amount  estimated  to  give  a  sufficient 
air-delivery  when  mixed  with  the  gas-supply. 

The  amount  of  gas  delivered  to  the  furnace  is  easily  regulated  by 
stop-cocks  at  each  tuyere,  and  is  under  the  immediate  control  of  the 
furnace  manager. 

Upon  the  introduction  of  gas  into  the  tuyeres  of  the  furnace  the 
coke  charged  at  the  mouth  was  reduced  30  per  cent.,  this  being  the 
amount  of  coke  which  I  thought  could  be  advantageously  replaced 
by  gas.  This  first  estimate  has  proved  to  be  very  close  to  the  work- 
ing results,  though  probably  the  average  gas-consumption  corre- 
sponds to  a  little  less  than  30  per  cent,  of  the  former  coke  used. 
The  proportion  that  we  use  varies,  with  the  nature  of  the  furnace- 
burden,  between  20  and  40  per  cent,  of  the  total  fuel.  We  have 
used  60  per  cent,  of  gas;  but  there  is  difficulty  in  keeping  a  cool 
furnace-mouth  when  the  proportion  is  so  high.  With  some  residues, 
notably  metallic  drosses  containing  some  zinc,  we  have  found  it  best 
not  to  use  over  20  per  cent,  gaseous  fuel.  The  percentage  used  with 
ore-charges  has  generally  been  higher  than  that  used  in  smelting  the 
higher-lead  charges  of  residues  from  our  refining  works. 

It  results  from  this  use  of  natural  gas  that  the  temperature  of  the 
hearth  is  under  almost  immediate  control,  and,  for  this  reason 
chiefly,  a  cleaner  and  more  uniform  slag  can  be  run,  and  the  furnace- 
working  can  be  made  more  nearly  independent  of  the  effects  of  at- 
mospiieric  conditions  or  the  variable  moisture  in  the  furnace- burden. 
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Tliere  is  an  especial  advantage  in  this  fuel,  supplied  at  the  hearth, 
after  the  furnace  has  been  "  barred-out,"  or  the  blast  has  been  taken 
otf  for  a  time,  since  it  enables  a  temporary  fuel-increase  at  the  exact 
place  and  time  needed.  Moreover,  it  is  easy  to  regulate  the  tem- 
perature at  each  tuyere,  and  consequently  to  control  to  a  certain  de- 
gree the  formation  of  hearths  and  wall  accretions. 

The  use  of  gas  beyond  certain  proportions  tends  to  extend  un- 
duly the  zone  of  fusion  in  the  furnace  and  to  cause  blazing  at  the 
mouth  ;  but  within  proper  limits  of  use,  depending  upon  the  nature 
of  the  charge  and  the  condition  of  wall-accretions  in  the  furnace- 
shaft,  it  is  easier  to  keep  a  uniformly  dark  furnace-mouth  when  the 
fuel  is  partly  gas  than  when  it  is  wholly  coke. 

Of  course  the  saving  of  the  fuel-ash  and  fuel-handling  is  evident, 
though  the  latter  item  has  been  of  comparatively  little  value  in  our 
furnace-labor  account. 

The  regulation  of  gas-pressure  at  the  main  supply-pipe  is  so 
nearly  perfect  that  there  is  no  danger  of  the  gas-main  running  the 
furnace,  as  would  be  the  case  if  the  gas-supply  were  controlled  as  it 
is  in  many  works  at  Pittsburgh. 

Whether  the  use  of  natural  gas  has  been,  or  can  be,  extended  to 
iron  blast-furnaces  in  the  Pittsburgh  region  I  cannot  say;  but  it 
seems  to  me  to  be  well  worth  while  that  such  an  application  of  it 
should  be  thoroughly  and  systematically  tried.  The  replacing  of 
even  a  much  smaller  percentage,  say  5  or  10  per  cent,  of  the  coke 
used,  by  natural  gas  would  be  of  great  value  to  the  iron-founder. 

I  believe  that  natural  gas  can  be  advantageously  used  for  a  cer- 
tain proportion  of  the  fuel,  both  in  iron-ore  smelting-furnaces  and 
in  cupola-furnaces  for  melting  pig-iron.  In  iron  blast-furnace  prac- 
tice the  immediate  control  of  the  hearth-temperature  would  be  much 
more  important  than  it  is  in  lead-ore  smelting.  If  found  advisable 
the  gas  could  be  heated  before  delivery  into  the  furnace.  The 
method  of  introducing  the  gas  directly  with  the  air-blast  is  the  sim- 
plest possible;  and  I  think  it  is  the  best. 

The  necessary  gas-pressure  is  available,  and,  with  certain  precau- 
tions, which  readily  suggest  themselves,  the  tuyere-introduction  of 
gas  is  safe  and  efficient. 

Discussion. 

H.  C.  Freeman,  Alto  Pass,  111. — In  this  connection  it  may  be 
interesting  to  refer  to  an  iron-melting  operation  with  gas,  about  thirty 
years  ago,  in  Newark,  N.  J. 
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The  Messi-s.  Bruen  had  a  malleable-iron  fbundry  in  that  city  and 
requiring  very  pure  fuel  for  melting  the  pig  metal  (which  was  Salis- 
bury, Conn.,  iron),  they  abandoned  coal  and  substituted  gas  made 
from  resin,  which  could  then  be  had  for  about  50  cents  a  barrel. 
This  fuel  they  useil  for  several  years,  and,  I  think,  up  to  the  time  of 
the  war,  when  the  advanced  price  compelled  abandonment.  The 
method  of  use  was  extremely  simple.  At  the  base  of  the  furnace 
was  arranged  a  sheet-iron  hearth,  about  four  feet  wnde  in  front, 
nearly  horizontal,  and  descending  a  little  under  the  furnace.  A 
man  sat  in  front  of  the  hearth  and  fed  the  resin  with  his  hands, 
strewing  it  broadly  over  the  hearth.  The  resin  was  broken  to  the 
size  of  one  inch  diameter  and  smaller.  The  downward-radiated 
heat  volatilized  it. 


yOTJES  OX  TEE  SAVING  OF  SULPHUR  AND  AMMONIA 
FBOM  GAS. 

BY  W.  H.  ADAMS,  M.E.,  NEW  YORK  CITY. 

(Scranton  Meeting,  February,  1887.) 

During  the  years  when  Americans  were  most  active  in  investiga- 
tions of  the  many  substances  containing  nitrogen  or  ammonia,  viz. : 
1869  to  1875,  my  connection  with  certain  chemical  industries  led 
me  to  experiments  in  the  direction  of  the  recovery  of  wastes  from 
coal-gases.  I  take  from  my  notes  such  memoranda  as  I  think  will 
be  of  interest,  in  the  hope  that  some  benefit  may  be  derived  there- 
from by  engineers  at  present  attem])ting  to  utilize  the  waste  products 
from  coke-oven  and  blast-furnace  gases. 

An  examination  of  the  conditions  governing  the  manufacture  of 
gas  along  the  Atlantic  seaboard,  and  an  intimate  knowledge  of  the 
mine-products  used  by  the  different  large  works,  naturally  led  me 
at  first  to  consider  the  well-known  foreign  methods  of  concentrat- 
ing the  available  soluble  salts  in  a  modicum  of  water.  The  result 
was  sufficiently  promising  to  warrant  a  full  line  of  experiments.  At 
that  time,  no  attention  seemed  to  have  been  paid  to  the  values  of 
"  ga-s-liquors."  Nearly  every  gas-works  in  the  United  States  wasted 
its  wash-water  in  the  sewers. 

The  nitrogen  in  bituminous  coals  varies  in  quantity  from  0.75  to 
l.oO  per  cent,  of  the  total  weight.     In  the  process  of  distillation  in 
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ordinary  gas-retorts,  it  passes  off,  partly  as  free  or  uncombined 
nitrogen,  partly  as  ammonium  carbonate,  cyanide,  sulpho-cyanide, 
chloride  and  sulphide — the  major  part,  however,  being  carbonate. 

Liquids,  as  a  rule,  absorb  gases  to  a  greater  extent  than  solids, 
the  nature  of  the  gas  and  of  the  liquid  influencing  the  amount  of  gas 
absorbed.  Those  gases  which  unite  with  water  to  form  compounds 
are  absorbed  in  the  largest  proportion,  as  the  following  table  shows  : 

Volumes  of  Gas  absorbed  by  one    Volume  of  Water  at  0°  C. 


Hydrogen, 

.     0.00193 

Ammonia, 

1180.000 

Oxygen,     , 

.     0.04114 

Sulpiiurous  acid. 

68.G10 

Nitrogen,   . 

.     0.02035 

Hydrochloric  acid, . 

490.000 

Carbonic  oxide, . 

.     0.03287 

Sulphuretted  hydrogen   . 

4.3706 

Nitrous  oxide,    . 

.     1.30520 

Carbonic  acid,    . 

.     1.79670 

The  volume  of  gas  absorbed  by  a  liquid  is  found  to  be  the  same 
at  all  pressures :  in  other  words,  the  weight  of  the  gas  absorbed  is 
directly  as  the  pressure. 

The  relation  between  the  amounts  of  gas  absorbed  at  different 
temperatures,  cannot  be  expressed  by  any  general  law.  It  must  be 
determined  by  experiment.  If  two  or  more  gases  which  do  not  act 
upon  each  other  be  placed  in  contact  with  a  liquid,  each  separate 
gas  will  be  absorbed  as  if  it  were  the  only  gas  present;  but  the  co- 
efficient of  solubility  for  each  gas  differs  for  every  liquid. 

Several  classes  of  "  washers ''  and  "  scrubbers  "  are  used  by  gas 
companies:  the  former  to  act  mechanically  in  freeing  the  gas  from 
tars,  etc.;  the  latter  for  the  removal  of  ammonia  by  absorption. 

This  apparatus  is  too  well  known  to  require  explanation  here. 
Average  practice  with  a  well-attended  plant  requires  from  4  to  12 
gallons  of  water  per  ton  of  coals  carbonized — depending  upon  the 
quality  of  the  coals.  With  careful  manipulation  of  the  currents  the 
absorption  is  very  rapid,  and  the  liquor  as  it  flows  continuously  from 
the  base  of  the  "scrubber"  contains  from  8  oz.  to  14  oz.  of  soluble 
salts  per  ton,  the  amount  being  regulated  somewhat  by  the  necessi- 
ties of  the  manufacturer,  distance  of  carriage,  prices  obtained,  etc. 
It  is  well  understood  that  much  loss  of  the  volatile  substances  occurs 
by  agitation  in  tankage  and  carriage.  The  strength  is  estimated  in 
degrees  Twaddle,  or  by  the  number  of  ounces  of  oil  of  vitriol  required 
to  neutralize  a  gallon — each  degree  of  Twaddle  being  equal  to  about 
2  oz.  of  acid  per  imperial  gallon. 

Coals  yield  from  10  to  45  gallons  of  8  oz.  liquor  (the  standard  for 
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practical  use?)  or  from  5  to  25  pouncls  of  ammonia  sulphate  per  ton 
of  22^0  |>ouiids.* 

In  atlilitiou  to  the  above  the  liquor  contains  from  200  to  1200 
grains  o{  sulphurottoil  hyilroi2;en,  renilcring  it  exceedingly  offensive 
in  transportation  and  treatment. f 

The  practice  in  our  American  works,  at  the  time  referred  to,  tended 
towards  large  scrubber-capacity  and  unlimited  use  of  water — a  loss  of 
revenue  Irom  ammonia  products  of  at  least  20  cents  per  ton  of  coals 
carbonized,  and  a  deterioration  in  quality  of  the  gas  turned  into  holders 
of  probably  10  per  cent.,  due  to  removal  of  the  soluble  hydrocarbons, 
and  a  further  loss  in  the  cost  of  water  uselessly  wasted.  Recom- 
mendations by  a  few  progressive  engineers  towards  the  correction  of 
these  evils  and  losses  were  unheeded  for  unexplained  reasons.  To 
bring  the  quality  of  gas  up  to  fair  standards,  and  the  recorded  pro- 
duction, per  ton  of  coals  carbonized,  to  somewhere  near  the  world's 
average,  necessitated  the  purchase  of  exceptionally  choice  coals  at 
large  cost,  and  in  addition  the  use  of  high-priced  canuel  coal — nearly 
all  of  which  excessive  cost  was  caused  by  neglect  of  fundamental 
principles  in  gas-making. 

It  was  learned  that  very  high-grade  gas-making  coals  could  be 
purchased  at  10  to  20  per  cent,  lower  prices  than  those  paid  for  the 
equivalent  properties  in  the  clean  coals  mentioned;  but  on  account 
of  the  presence  of  1  to  3  per  cent,  sulphur  ("coal-brasses")  such 
coals  remained  unsalable  until  expensive  washing  apparatus  was 
devised  to  cleanse  them.  Naturally  much  of  the  volatile  matter  was 
lost  by  this  treatment. 

It  was  easily  demonstrable,  by  very  simple  changes  to  accord  with 
existing  European  plants,  that  coals  containing  as  high  as  6  per 
cent,  sulphur  could  be  worked  satisfactorily,  and  that  an  average 
high-grade  gas-producing  coal  is  rarely  found  with  less  than  1.5  to 
2  per  cent,  of  sulphur.  (I  do  not  speak  of  exceptional  cases,  but  ot 
the  general  rule.) 

Therefore  after  all  the  data  were  gathered,  we  innocently  supposed 
that  on  their  presentation,  the  gas  companies  would  be  willing  to  per- 
fect their  plant,  and,  while  benefiting  themselves  by  the  added 
quantity,  increased  quality  and  ease  of  working,  with  characteristic 

*  For  the  variable  production  of  distillates  from  coals  carbonized  by  gas-works, 
etc.,  see  any  of  the  standard  works  on  the  subject  of  gas  and  gas-making. 

t  The  addition  of  a  small  amount  of  protosulphate  of  iron  to  the  liquor  before 
distillation,  will  precipitate  the  sulphur  as  sulphide  of  iron,  thus  rendering  the  after- 
process  much  more  satisfactory. 
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American  generosity  would  gladly  give  us  a  share  of  the  savings  in 
the  form  of  gas-h'quor  of  guaranteed  strength.  It  is  sufficient  to 
say  that  we  did  not  secure  any  contracts ! 

In  the  large  way,  the  utilization  of  gas-liquor  for  ammonia  may 
be  understood  to  have  been  impracticable  at  that  time  for  the  follow- 
ing reasons  :  (a)  Owners  and  managers  of  large  works  were  without 
chemical  knowledge,  as  a  general  thing;  their  time  was  almost 
wholly  occupied  in  extensions  and  renewals — a  branch  of  the  busi- 
ness which  paid  them  well — and  it  is  an  established  fact  that  atten- 
tion to  details  and  small  savings  must  be  looked  for  in  a  new  genera- 
tion of  technical  engineers — that  is,  constructing  engineers  are  rarely 
good  managers  of  every-day  details.  (6)  Transportation  to  any 
central  location  of  the  liquors  made  by  so  many  varieties  of  appa- 
ratus and  by  excessive  use  of  water  (say  1  to  4  oz.  per  ton  of  water), 
was  found  to  be  too  costly  to  warrant  the  necessary  expenditure,  as 
also  would  be  the  management  of  independent  isolated  plants  at 
each  gas-works,  (c)  Consumers  did  not  understand  the  great  differ- 
ence between  gas  properly  and  improperly  made,  or  did  not  assert 
their  rights;  and  there  was  no  binding  statute  compelling  companies 
to  supply  gas  of  any  standard  of  purity.  In  proof  of  this  statement 
tests  of  gas  were  made  regularly  at  widely  separated  points  in  five 
of  the  largest  cities,  during  the  years  1870-74;  and  less  than  10 
per  cent  of  those  tests  showed  the  gas  to  be  as  free  from  sulphur  and 
ammonia  as  was  required  by  London  standard. 

After  giving  up  this  idea  of  utilizing  gas-liquor,  further  experi- 
ments were  inaugurated  for  the  recovery  of  sulphur  and  ammonia, 
our  object  being  to  clearly  demonstrate  the  feasibility  of  using  any 
of  the  ordinary  mine-coals  which  contained  over  7000  cub.  ft.  of  gas 
per  ton  of  2240  lbs.,  and  which  were  offered  at  so  low  prices  as  to 
warrant  the  belief  that  the  companies  would  accept  that  fact  alone 
as  sufficient  inducement  to  make  the  change,  thus  giving  us  the  very 
products  we  most  desired,  in  definite  quantities  and  at  a  somewhat 
reduced  price. 

The  Continental  process  of  gas-purification  by  the  use  of  "  La- 
ming's  mixture"  was  thoroughly  tried  with  this  end  in  view,  but  with- 
out change  of  any  portion  of  the  plant  preceding  the  purifying-boxes. 
It  is  well  known  that  in  the  foreign  works  scrubbers  are  relied  on 
to  absorb  the  maximum  amount  of  ammonia,  which  is  the  source  of 
a  large  revenue,  and  the  "  mixture"  is  relied  upon  to  complete  the 
purifying  process  by  the  extraction  of  the  last  appreciable  ammonia 
and  sulphuretted  hydrogen. 
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Kiming's  mixture  lias  for  its  base  oxide  of  iron — a  substance  so 
cleanly,  cheap  and  ellicient  as  to  have  merited  a  wide  use  abroad. 

It  is  preferably  used  in  the  form  of  hydrated  protoxide  of  iron,  as 
obtained  by  treating]:  protosulphate  of  iron  with  hydrated  lime;  is 
greenish-black  in  color  when  made,  but  in  contact  with  air  is  con- 
vertetl  into  sesquioxide — a  mixtureof  protoxide  and  peroxide.  The 
sulphuric  acid  and  lime  combine,  forming  sulphate  of  lime,  and  the 
mixture  is  usually  prepared  with  sawdust,  to  be  easily  permeable  by 
the  gas.  It  is  placed  ten  to  sixteen  inches  deep  on  the  trays,  and 
weighs  originally  about  tlie  same  as  lime. 

The  gas  from  the  scrubbers  yields  its  traces  of  ammonia  (mostly 
carlwnate),  a  double  decomposition  taking  place  and  producing  am- 
monia, sulphate  and  calcium  carbonate.  The  action  of  the  sulphu- 
rette<i  hydrogen  in  the  gas,  when  in  contact  with  the  mixture,  is 
appreciably  ditferent  from  that  of  the  lime  process  alone,  the  sulphur 
being  deposited  at  once  by  chemical  changes,  in  which  the  hydrogen 
of  a  part  of  the  hydro-sulphuric  acid  combines  with  a  part  of  the 
oxygen  of  the  sesquioxide,  bringing  it  back  to  the  state  of  protoxide. 
The  protoxide  of  iron  in  combining  with  another  part  of  sulphu- 
retted hydrogen  of  the  gas  produces  iron  sulphide,  which  is  hydrated. 
Mv  early  experiments  with  this  mixture,  used  the  same  as  lime  on 
the  trays,  but  using  the  scrubbers  only  so  far  as  needed  to  rid  the 
gas  of  tarry  matters,  gave  for  first  exposure  an  average  of  5000 
cubic  feet  gas,  perfectly  freed  from  su]phur,aramoniaand  carbonicacid. 

The  mixture  was  withdrawn  from  the  boxes,  when  the  gas  showed 
signsof  contamination,  and  found  to  be  of  a  dirty-black  color,  due  to 
hydrated  sulphide  of  iron,  after  contact  with  the  air  in  heaps,  not 
over  two  feet  deep,  for  six  hours,  during  which  time  the  reactions 
due  to  oxygen  brought  back  the  original  color,  the  mixture  was 
replaced  in  the  boxes  and  purified  perfectly  about  7000  cubic  feet  of 
gas.  Repeated  revivification  and  purification  followed  until  about 
50,000  cubic  feet  of  gas  had  been  satisfactorily  cleansed — more  sat- 
isfactorily than  an  average  of  previous  shell-lime  working. 

The  spent  oxide  was  found  to  contain  44  to  46  per  cent,  sulphur 
and  4  to  6  per  cent,  ammonia  sulphate;  but  these  percentages  are 
reached  with  difficulty  unless  great  care  is  exercised  in  handling  the 
mixture  from  the  boxes.  The  absorption  of  oxygen  is  so  rapid  that 
if  in  heaps  the  mixture  will  take  fire,  or  become  so  hot  as  to  volatilize 
both  ammonia  and  sulphur.  Much  of  the  discredit  attached  to  the 
use  of  this  preparation  is  no  doubt  due  to  carelessness  in  details  of 
manufacture  and  handling. 
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The  ammonia  salts  were  washed  out  in  the  ordinary  manner,  but 
much  difficulty  was  encountered  in  my  first  attempts  at  leaching, 
occasioned  by  packing  or  caking  of  the  heavy  substances.  This  was 
obviated,  however,  by  the  introduction  of  compressed  air  or  steam 
through  a  series  of  small  pipes  passed  through  the  staves  below  the 
false  bottom. 

The  liquid  from  the  leach-tubs  gave  irregular  products  of  am- 
monia sulphate,  contaminated  with  sulpho-cyanide,  leading  us  to 
examine  various  samples  from  Europe  and  disclosing  the  fact  that 
the  cheaper  grades  of  sulphate  nearly  always  contained  this  poisonous 
product. 

Professor  Emile  Kopp  proposed  to  treat  the  lixiviated  residue 
with  a  boiling  solution  of  lime,  strong  enough  to  decompose  the 
cyanide  of  iron,  but  not  to  form  any  sulphate  of  lime.  After  filtra- 
tion the  clear  solution  of  ferrocyanide  of  lime  is  precij)itated  with  a 
solution  of  sulphate  of  potash,  which  throws  down  sulphate  of  lime 
and  leaves  ferrocyanide  of  potassium  in  solution  to  be  subsequently 
evaporated  and  crystallized. 

Forty  per  cent,  of  the  sulphur  was  recovered  from  the  spent  oxide 
mixture,  in  the  form  of  sulphurous  acid  gas;  but  no  practical  method 
was  then  known  to  do  this  on  a  large  scale.  We  had  thousands  of 
tons  of  "smalls"  pyrites  at  our  mines  which  we  were  unable  to  use 
or  dispose  of,  and  this  spent  oxide  was  more  troublesome  to  burn, 
gave  more  dust,  and  its  utilization  seemed  a  harder  problem  to  solve 
than  the  working  of  any  ores  we  had,  however  fine.  Under  such 
circumstances  failure  or  hesitancy  in  the  erection  of  a  plant  to  save 
so  rich  a  sulphur  product  will  be  readily  understood.  But  the  con- 
ditions have  been  so  radically  changed  by  the  recent  introduction  of 
mechanical  appliances  that  noneof  our  drawbacks  need  be  feared  by 
the  present  generation. 

One  might  naturally  question  the  value  of  the  spent  oxide  for  the 
manufacture  of  sulphuric  acid  in  chambers,  objecting  to  the  excess  of 
dust  and  carbonic  acid  from  the  sawdust,  etc.  The  use  of  the  spitz- 
lutte  or  kindred  apparatus  will  obviate  these  troubles  and  produce 
an  exceptionally  fine  iron  paint  as  the  completed  product. 

A  further  step  was  taken  to  substitute  for  the  bulky  Jjaming  mix- 
ture a  material,  the  absorption-power  of  which  could  be  definitely 
known.  The  varying  qualities  of  the  lime  in  Laming's  luixture 
made  this  an  impossibility  for  that  compound ;  but  the  advantage, 
not  to  say  necessity,  of  it  will  be  apparent  without  further  remark. 

Protosulphate  of  iron  was  fused  on  shallow  iron  plates  (heated 
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from  fiirnaiv  Mow)  and  after  yielding  part  of  its  water  of  crystalli- 
zation was  mixed  with  dried  sawdust  in  such  proportion  as  to  give 
a  light  porous  sponge — say  two  parts  sawdust  to  one  of  salt  in 
bulk.  This  sponge  was  used  by  placing  it  on  the  trays  of  the  ordi- 
narv  purifying  boxes  to  the  depth  of  20  to  24  inches;  and  its 
action  was  so  perfect  and  regular  from  the  time  of  turning  on  the  gas 
until  the  period  of  saturation,  that  too  much  cannot  be  said  in  its 
praise.  Its  uniform  ]M)rosity  and  weight  are  essential  advantages. 
The  exhauster  ran  with  less  power  and  greater  regularity;  the 
scrubbers  were  only  required  to  catch  the  volatile  tars  ;  the  sulphur 
and  ammonia  were  entirely  absorbed,  and  but  little  carbonic  acid 
gas  came  over,  so  that  better  gas  and  more  of  it  was  passed  into  the 
holders.  The  addition  of  one  lime-tray  in  the  last  box  was  found 
sutlicient  to  clean  the  gas  from  the  last  trace  of  carbonic  acid. 

Taking  the  data  covered  by  several  months'  working  in  a  large 
wav,  it  was  found  that  each  bushel  of  this  sponge  would  purify 
from  75,000  to  100,000  cubic  feet  of  gas  made  from  the  best  coals, 
and  that  considerable  amounts  of  sulphur — up  to  5  per  cent. — could 
be  handled  with  ease,  the  only  difference  in  working  of  the  sponge 
being  the  cost  of  more  frequent  changes  to  and  from  the  boxes,  a 
difference  remedied  by  using  purifying  boxes  of  other  forms  or 
larger  size. 

From  4o  to  50  cent,  of  sulphur  and  8  to  12  per  cent,  of  ammonia 
sulphate  were  found  in  the  sponge  after  saturation. 

The  ammonia  was  recovered  by  leaching,  which  left  the  residue  in 
excellent  condition  for  separation  from  the  sawdust  and  for  the  man- 
ufacture of  sulphurous  acid  gas,  paints,  etc. ;  or,  if  put  through  a 
muffle-process  both  ammonia  and  sulphur  would  be  produced  at  one 
operation.* 

There  is  now  a  wide  field  for  operations  which  would  naturally 
spring  from  utilizing  the  wastes  of  gases  other  than  those  formed  in 
gas-making;  and  the  seaboard  furnace-plants  should  be  the  first  to 
cover  this  ground. 

Experiments  were  tried,  at  the  suggestion  of  Professor  Silliman, 
with  various  combinations  of  materials  which  in  his  opinion 
promised  an  immunity  from  cyanogen  compounds.  I  quote  from 
notes  sent  to  me  by  him  : 

"  Niter-cake  is  ground  to  powder  and  used  on  the  trays  of  purify- 
ing boxes  in  similar  manner  to  lime. 

*  See  U.  S.  Patents,  Nos.  127,470,  and  reissue  4,998. 
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"The  gas  is  freed  from  all  its  amraoniacal  compounds,  the  salt  is 
enriebed  by  12  to  13  per  cent,  of  ammonia  sulphate,  and  analysis 
fails  to  detect  appreciable  traces  of  soluble  cyanides  or  sulpho- 
cyanides. 

"  We  think  the  cyanogen  compounds  are  decomposed  by  the  salts 
of  iron  in  the  commercial  niter-cake,  which  salts  must  come  from 
deterioration  of  your  iron  retorts  by  action  of  the  weak  acids,  with 
result  of  a  ferro  and  ferri-cyanide  of  iron  in  the  mass,  shown  by  the 
distinctly  blue  stain. 

"  This  is  equivalent  to  a  withdrawal  of  a  certain  portion  of  the 
nitrogen  in  a  passive  form,  and  satisfactorily  solves  the  problem  as 
to  disposition  of  the  poisonous  cyanogen  salts. 

"  Acid  phosphate  of  lime  has  also  been  tried  by  me  in  like  manner 
and  for  like  purposes,  and  so-called  super-phosphate  of  lime  has  been 
found  to  withdraw  every  trace  of  ammonia  from  gas. 

"Bezelius  long  ago  noted  the  reaction  of  monobasic  phosphate  of 
lime  with  the  dibasic  salt,  evolving  free  ammonia,  but  how  far  it 
may  be  possible  to  give  stability  to  ammonia  phosphate  prepared 
in  this  way  yet  remains  to  be  seen. 

"  It  is  worth  knowing  that  by  using  either  sodic  or  potassic  bisul- 
phates  in  a  U-tube  it  is  quite  easy  to  withdraw  ammonia  from  a 
gaseous  mixture  containing  ammoniacal  compounds  and  to  obtain  it 
in  a  condition  to  be  weighed.'"' 

I  have  only  to  add  that  experiments  in  this  direction  made  by 
Professor  Silliman  and  Professor  Henry  Wurtz  over  ten  years  ago 
are  suggestive  of  wide  use  now  that  conditions  are  so  much  more 
favorable. 

That  all  the  experiments  mentioned  have  not  been  elaborated  and 
published,  or  made  the  basis  of  extensive  enterprises  for  the  recovery 
of  sulphur  and  ammonia,  and  that  closely  calculating  gas-managers 
have  not  seen  the  profits  to  be  gained  by  working  coals  largely 
charged  with  sulphur,  cheap  in  first  cost,  rich  in  gaseous  properties, 
ammonia,  etc.,*  has  seemed  inexcusable  and  inexplicable  to  me 
throughout  the  years  since  the  dates  referred  to,  in  which  I   have 

been  myself  employed  in  other  directions. 

— > . 

*  From  ]  ton  of  ordinary  gas-coal  may  be  produced  1500  pounds  of  coke,  20  gal- 
lons of  ammonia-water  and  140  i)oimds  of  coal-tar.  By  destructive  distillation  the 
coal-tar  will  yield  G9.6  pounds  of  pitch,  17  pounds  of  creosote,  14  pounds  lieavy  oils, 
9.5  pounds  of  naplitha  yellow,  6,3  pounds  naphthaline,  4.75  pounds  naphthol,  2.25 
pounds  alizarin,  2.4  pounds  solvent  naphtha,  1.5  pounds  phenol,  1.2  pounds  aurine, 
1.1  pounds  benzine,  1.1  pounds  analine,  0.77  pounds  toluidine,  0  46  pounds  anthra- 
cine,  and  0.9  pounds  toluene.  From  tiie  latter  is  obtained  the  new  substance  known 
as  saccharine,  which.  Science  says,  is  230  times  as  sweet  as  the  best  cane  sugar. 
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The  present  improved  types  of  "smalls"  burnei's,  which  are  used 
in  a  very  large  way  in  Europe  and  America,  were  not  obtainable  in 
our  time  of  need.  They  would  answer  admirably  for  utilizing  the 
sulphur  commercially,  and,  with  any  concert  of  action  among  the 
owners  of  gas-works,  tiie  revenue  from  the  use  of  an  absorbent  so 
cheap  and  effective  as  the  "  sponge  "  last-mentioned  would  be  a  very 
important  item. 

What  is  true  of  gas-works  in  large  cities,  is  also  true  of  the  blast- 
furnace and  coke-oven  plants.  But  in  all  cases  the  methods  adopted 
for  utilizing  these  wastes  must  be  corried  out  cheaply  and  practically 
as  a  part  of  the  entire  process  and  under  the  one  head.  The  inaugu- 
ration of  a  new  department  with  attendant  expenses  and  clashing 
ideas,  too  often  is  the  reason  for  failure  of  v^ery  worthy  processes. 
This  is  true,  particularly  of  chemical  processes,  where  the  savings 
are  small,  constant,  and  absolute,  yet  so  easily  turn  to  losses  in  the 
hands  of  inexperienced  and  irresponsible  or  perhaps  prejudiced 
men. 


THE  ANIMIKIE  BOCKS  AND    THEIR  VEIN-  PHENOMENA, 
AS  SHOWN  AT  DUNCAN  MINE,  LAKE  SUPERIOE. 

BY  W.  M.  COURTIS,  DETROIT,  MICH. 

(Scranton  Meetiug,  February,  1887.) 

In  .compliance  with  the  suggestion  in  Mr.  Emmons's  paper  on  the 
Genesis  of  Certain  Ore-Deposits  [Trans,  xv.,  125),  that  facts  should 
be  accumulated  for  study  and  future  compilation,  I  wish  to  put  on 
record,  before  the  data  are  lost,  a  section  of  the  Animikie  series  of 
rocks  and  the  vein-phenomena  exposed  by  the  explorations  at  the 
Duncan  mine,  Port  Arthur,  Thunder  Bay,  Lake  Superior.  This 
may  serve  as  a  supplement  to  my  paper  on  this  district  [Trans,  v., 
473). 

I  trust  this  information  will  not  be  without  interest  at  the  present 
time.  The  recent  discoveries  of  very  rich  silver-ores  at  Rabbit  and 
Silver  Mountains,  on  the  same  belt,  have  brought  the  district  once 
more  before  the  public;  and  a  study  of  the  facts  here  set  forth  may 
assist  some  fellow-engineer  in  the  determination  of  the  value  of 
property  offered  for  sale  in  this  neighborhood. 

The  vein  at  the  Duncan  mine  was  tested  to  a  depth  of  over  eight 
hundred  feet  by  shaft  and  drifts,  and  to  nearly  a  thousand  feet  with 
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the  diamond  drill.  The  drill-holes  were  carefully  platted,  and  a 
complete  record  was  kept  of  the  cores;  each  change  of  rock  being 
at  least  partially  analyzed.  The  extreme  richness  of  the  ore  first 
discovered  in  this  mine  proved  an  ignis  fatuus,  that  was  followed 
with  a  persistency  and  courage  worthy  of  better  results. 

Those  who  have  read  Dr.  Irving's  admirable  monograph  on  the 
copper-bearing  rocks  of  I  ake  Superior  will  understand  how  difficult 
it  is  to  name  correctly  the  trap  rocks  of  this  series.  Still  more  fully 
would  they  have  realized  this  fact,  had  they  stood  by  the  drill 
watching  the  changes  in  the  core.  Within  a  few  feet,  or  even  inches, 
there  would  be  presented  fine-grained  felsite,  hornblende-schist, 
typical  diorite,  apparent  syenite  or  syenitic  granite,  as  ])lagioclase, 
orthoclase,  hornblende,  quartz,  and,  at  the  deepest  points,  mica, 
replaced  each  other  in  the  magma.  Certainly,  here  applies  the  oft- 
repeated  remark  of  our  learned,  jovial,  and  deeply  lamented  Profes- 
sor Bernard  von  Cotta,  that  in  the  determination  of  these  rocks, 
"  Es  gieht  keine  scharfe  Grenze." 

As  we  passed  from  the  sedimentary  rocks  into  the  metamorphic 
Huronians,  there  was  a  gradual  change  from  a  brecciated  mixture 
of  felsite,  hornblende,  and  chlorite,  the  cores  having  a  specific 
gravity  from  2.7  to  2.9,  and  30  to  50  per  cent,  of  silica,  to  a  specific 
gravity  of  2.6  to  2.7,  and  71  per  cent,  of  silica.  Undoubtedly, 
these  rocks  are  but  plutonic  variations  of  the  surface  gabbros  of 
Dr.  Irving. 

The  microscopic  determinations,  made  by  Mr.  John  Caswell,  of 
slides  I  had  cut  from  some  of  the  cores,  are  given  below;  .but  I 
should  preface  them  with  the  remark  that  Mr.  Caswell  wrote  me  he 
had  had  very  little  time,  and  felt  a  great  lack  of  confidence  in  de- 
scribing these  spe(;imens,  as  the  rocks  were  new  to  him.  He  added 
the  names  simply  as  suggestions,  needing  confirmation  after  more 
extended  study. 

It  will  be  seen  from  the  diagram,  that  a  fault  has  displaced  the 
rocks,  so  that  those  of  the  hanging- wall  are  relatively  about  one  hun- 
dred feet  below  those  of  the  foot-wall.  These  rocks  dip  slightly  to 
the  south,  but  more  to  the  west. 

The  junction  between  the  trap  overflow  and  the  black  slate  has 
a  very  strong  dip  to  the  south,  and  at  the  junction  the  slate  is  much 
indurated,  as  it  is  at  F  also.  I  thought  possibly  this  might  indicate 
that  the  igneous  rocks  were  intrusive,  and  that  the  slates  (which  alone 
had  a  favorable  effect  on  the  vein)  might  come  in  again  at  greater 
dei)th.     To  test  this  was  my  advice;  but  I  was  overruled  by  the 


THE    ANIMIKIE    ROCKS    AND   THEIR    VEIN-PHENOMENA.      673 

directors,  who  spent  several  yeare  and  a  great  deal  of  money  in 
opening  gronnd  already  well  explored  by  the  drill,  with  the  idea 
that  we  might  have  passed  a  silver-body. 

The  greatest  depth  from  the  snrface  reached  by  the  diamond-drill 
was  994  feet.  There  was  no  change  in  the  country-rocks  at  tiiis 
depth.  The  vein  was  found  to  be  mostly  composed  of  quartz,  with 
breccia  of  the  walls.  The  spar  which  had  been  the  gangue  above, 
appeared  in  small  stringei-s  only,  or  as  the  lining  of  vugs.  Native 
silver  was  found  below  the  junction  of  the  trap  and  black  slates 
in  very  small  quantities  only,  not  in  the  quartz,  but  as  a  coating  to 
the  felsite  "  horses."  Tlie  vein  contained  pyrite,  zinc-blende  and 
galena,  assaying  very  low  in  silver.  There  was  found  silver  only 
where  the  black  slate  formed  the  hanging-wall ;  and  in  this  slate 
the  stringers  of  spar  gave  traces  of  silver  at  a  distance  from  the 
main  vein. 

The  fact  that  the  silver-deposits  of  this  district,  in  all  cases  with 
which  I  am  acquainted,  are  found  only  where  the  country  rock 
contains  carbon  in  some  form,  and  the  absence  of  the  carbonate  spars 
in  the  barren  parts  of  the  veins  seems  to  indicate  that  carbon  or 
hydrocarbons  played  an  active  part  in  the  deposit  of  the  silver  and 
the  formation  of  the  veins.  Some  of  the  vugs,  both  at  Silver  Islet 
and  the  Duncan,  contained  hydrocarbon  gas  under  great  pressure. 

From  the  evidence  of  this  one  vein  I  should  theorize  that  the 
filling  of  the  vein  with  carbonates  and  sulphurets,  carrying  a  little 
silver,  was  contemporaneous  or  in  pulsations,  first  silica,  then  sul- 
phurets and  carbonates  in  alternating  pulsations,  coming  up  from 
below.  A  fissure  having  been  produced  by  great  violence  had  shat- 
tered the  country-rock  to  some  distance  on  each  side.  The  depositing 
i  solution  penetrating  these  crevices,  the  horses  were  split  off  by  the 
crystal-growth,  as  ice  splits  a  rock.  We  find  these  horses  from  the 
size  of  a  pin  to  masses  weighing  tons.  The  effect  of  the  solution 
upon  them  was  silicifying.  The  extremely  fusible  green  slate,  equally 
with  the  black  slate  or  felsite  horses,  retained  its  sharp  edges.  They 
all  analyzed  much  higher  in  silica  than  the  adjoining  country,  even 
though  imbedded  in  a  mass  of  spar.  To  all  appearances  the  solu- 
tion bringing  the  silver  came  from  above  at  a  later  period.  It  pene- 
trated ea.sily  through  the  spar,  and  where  it  found  carbon  in  some 
Ij  form  it  gave  up  silver  as  native  or  sulphide,  as  a  "  lead-tree  "  grows, 
using  the  cleavage-planes  of  the  spar  or  blende  as  channels  of  growth. 

Subsequent  growth  of  calc-spar  crystals  has  in  part  obliterated 
the  original  arrangement.  That  the  black  slates  or  Leadville  por- 
voL.  XV.— 43 
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phyries  carry  silver  in  small  quantities  at  long  distances  from  the 
veins,  does  not  seem  to  me  to  indicate  a  lateral  origin  for  the  silver, 
but  merely  that  the  rock,  being  more  or  less  fissured  or  porous,  felt 
the  effect  of  the  silver-bearing  solution  for  a  long  distance.  In 
Montana,  in  a  porphyry,  even  several  hundred  feet  away  from  the 
vein,  I  could  find  gold  from  a  few  cents  per  ton  upwards,  but  in  the 
identical  rock  in  another  part  of  the  same  formation,  the  gold  if 
there  was  any  was  below  the  limit  of  my  power  to  detect  it. 

I  encountered  at  Silver  Islet  a  very  difficult  problem.  The 
breast  of  the  stope  showed  a  coating  several  inches  thick  of  a  spongy 
silver,  in  which  were  imbedded,  like  plums  in  a  pudding,  double- 
ended  quartz  crystals.  I  think  a  small  specimen  of  this  was  pre- 
served in  the  collection  at  the  New  York  office. 

The  theory  of  a  lateral  secretion  I  do  not  believe,  and  until  I  see 
better  proof  prefer  to  decide  for  an  electrolytic  deposit  from  a  circu- 
lation penetrating  deep  into  the  earth,  the  last  remnant  of  volcanic 
action. 

The  Rocks. 

A,  on  the  section,  is  probably  an  olivine  gabbro  of  Dr.  Irving, 
but  has  been  called  diorite:  sp.  gr.,  3.033;  proportion  insoluble  in 
acid,  83.4  per  cent.;  silica,  54.2  per  cent,;  proportion  attracted  by 
magnet,  2.8  per  cent. 

B,  a  black  slate,  containing  less  carbon  than  E :  sp.  gr.,  2.640  ; 
proportion  insoluble  in  acid,  91.5  per  cent.;  silica,  74  per  cent. 

C  may  be  said  to  be  a  dolomite  with  chert,  and  G,  a  chert  with 
dolomite  and  pyrite. 

D  is  a  dark -green  slate,  with  masses  of  chert,  red  above  and  gray 
at  the  base  of  this  formation.  It  very  easily  fuses  to  a  black  glass 
which  is  magnetic.     Different  specimens  gave  the  following  results: 

Sp.  Gr.  Insol.  Silica. 

2.528  33.9  per  cent.  31.5  per  cent. 

2.776  61.2   "  48.3   " 

2.654  84.4   "  84  0   "    (chert). 

3.225  19.0       "  17.7       "        18.9  per  cent,  loss  on  ignition. 

E  is  a  soft,  carbonaceous  black  slate,  with  sliining  particles,  and 
apparently  obliterated  fossil  stems.  Sp.  gr.,  2.531 ;  insoluble,  83.9 
per  cent. ;  silica,  54.2  per  cent. 

F  was  composed  of  three  bands : 

1.  Calcareous  band  (green)  containing  much  iron.  Sp.  gr.,  2.765; 
insoluble,  43.4  per  cent.;  silica,  34.7  percent. 
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2.  Aron:io('»Mis  band  (ccreen),  in  flinty  black  slate.  Sp.  gr.,  2.488  ; 
insolnl)lo,  7S.8  per  ctMit.  ;  silica,  i)'-\.(\  percent. 

3.  JasjH^rized  slate.  Sp.  gr.,  2.1)27 ;  insoluble,  92.0  per  cent.  ; 
silica,  85.7  per  ctMit. 

G  is  chert  mostly,  with  s(>ine  dolomite.  This  band  is  so  tough, 
that  a  jiartv  of  excellent  Cornish  niinci's  made,  on  contract,  but  five 
feet  ]>er  month  for  two  months  in  sinking  an  inclined  shaft.  On 
one  seam  the  diamond  drill  worked  for  eight  honi's,  using  up  a  bit, 
and  took  out  but  six  inches  of  core,  drilling  about  one  foot  in  that 
time. 

Mr.  Caswell  describes  a  section  of  the  quartz  thus:  "  Fine-grained, 
with  some  faint,  skeleton-like  crystals  of  angite  scattered  through  it. 
Their  character  could  not  be  deternnned  exactly. 

"  Dolomite,  dark-colored,  effervescing  in  warm  acid,  with  remains 
of  fibrous  diallage  or  hornblende,  partly  altered  to  serpentine  mass. 
Quartz  grains  are  scattered  through  it." 

The  vein  seems  to  have  been  shattered  at  this  point  to  thousands 
of  stringers  spreading  through  30  to  40  feet.  Above,  the  vein  was 
6  to  8  feet  of  solid  gangue;  below,  as  far  as  sunk  on  it,  the  foot- 
wall  seemed  perfect,  to  which  these  stringers  were  coming  in  from 
the  south.  These  .stringers  carried  in  this  belt  much  galena  and  zinc- 
blende,  but  not  above  9  ounces  in  silver  for  highest  assay. 


pp.  gr. 

Insol. 

Silica. 

2.713 

32  8 

32.8  Olive-green  dolomite. 

3.023 

69.8 

69.8 

2.738 

55.0 

55.0 

H  seems  1o  be  a  belt  of  much  broken-up  rock,  parts  of  it  much 
altered,  probably  from  the  effect  of  the  vein.  Sometimes  the  drill 
would  be  in  a  solid  red  felsite,  then  in  solid  hornblende,  then  in 
talcose  or  chloritic  seams,  or  the  rock  would  take  the  form  of  a  dio- 
rite  for  some  feet,  and  then  go  back  into  solid  hornblende. 

Sp.  gr.  Insol.  Silica. 

2.962  per  cent.  32.8  per  cent.  29.5  per  cent.  Hornblende. 

2.830      "  59.1       "  46.5       "  Mixed. 

2.624      "  93.4      "  •         71.0      "  Felsite. 

As  we  entered  the  body  of  solid  rock  marked  K,  the  drill-hole, 
being  vertical,  passed  farther  away  from  the  vein,  the  rock  became 
fine-grained,  and  increased  in  silica,  mica  replacing  the  hornblende 
to  some  extent.  Sometimes  there  would  be  pretty  large  crystals  of 
orthoclase.     In   certain   parts,  without  any  sign   of  vein-stringers, 
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there  would  be  araygdules  of  calc-spar,  various  specimens  of  core 
giving  up  from  6  to  25.5  per  cent,  in  acetic  acid.  The  most  calca- 
reous had  a  specific  gravity  of  2.703;  insol,,  ;"5.6  per  cent.;  silica, 
42  per  cent. ;  loss  on  ignition,  5.3  per  cent. ;  in  acetic  acid,  25.5  per 
cent.  Nothing  was  taken  up  with  the  magnet,  but  there  was  more 
or  less  pyrite  in  the  mass. 

K  is  described  from  Mr.  Caswell's  sections,  except  the  part  carry- 
ing the  most  mica  : 


Sp.  gr. 

Insol. 

Silica. 

Appearance. 

2  737 

89.1 

64.0 

Syenitic. 

2.651 

84.6 

70.5 

Syenitic,  Granitic, 

2.G55 

86.0 

78.0 

Porphyritic. 

2.773 

70.8 

56.5 

Dioritic. 

2.980 

83.2 

44.9 

Hornblendic. 

The  core  at  650  feet  from  the  surface  showed  : 

1.  Plagioclase,  much  altered  and  very  dusty,  but  with  banding 
still  visible. 

2.  Quartz,  in  pellucid  masses  and  grains,  with  some  large  and 
many  small  fluid  inclusions  with  moving  bubbles.  The  fluid-cavi- 
ties in  the  quartz  are  very  pretty. 

3.  Hornblende,  much  altered,  with  greenish  veins  running  through 
it;  pale  green  color,  and  only  slightly  polarizing. 

4.  Apatite.  The  rock  is  much  altered,  and  is  probably  of  the 
same  family  as  at  800  feet  and  809  feet  (diorite?). 

Core  at  800  feet  from  surface  (diorite?  hornblende  schist?): 

1.  Hornblende,  in  green  crystals  showing  cleavage-lines  of  124° 
and  dichroism  very  distinctly.  In  some  places  altering  slowly  to 
brown  biotite. 

2.  Orthoclase,  cloudy  and  irregular  in  color,  showing  cleavage- 
lines.  It  may  be  plagioclase,  a  point  which  can  only  be  decided  by 
angle  of  absorption. 

3.  Quartz,  pellucid  grains,  abundant  between  hornblende  crystals. 

4.  Apatite,  abundant  in  colorless  crystals. 

5.  Plagioclase,  faintly  banded  between  crossed  nicols. 
Core  at  809  feet  (diorite?) : 

1.  Plagioclase,  much  decomposed,  but  distinctly  banded. 

2.  Orthoclase,  some  cloudy  crystals. 

3.  Hornblende,  the  same  as  at  800  feet,  but  more  altered. 

4.  Apatite,  in  colorless  needles,  and  some  large  white  crystals. 

L  wherever  penetrated,  seemed  to  be  a  typical  diorite — was  at  least 
so  called  by  every  one  seeing  it,  though  it  has  not  been  yet  determined 
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microscopirally.  S}>ecific  gravity,  2.869  ;  insol.,  69.8  percent. ;  silica, 
57  per  cent. 

Should  it  ever  be  of  sufficient  interest  to  private  ])arties,  or  for 
geologict^l  surveys,  complete  plans  of  this  work  could  be  seen,  and 
sanij)les  of  the  cores  had  from  any  desired  depth. 

I  am  indebted  to  Mr.  Caswell  for  the  determination  of  the  slides 
as  a  friendly  matter  for  my  private  information. 

I  am  also  indebted  to  Mr.  G.  W.  Sargent,  who  was  for  three 
years  superintendent  of  the  work  for  me,  and  afterwards  had  charge 
of  the  work  from  the  seventh  level,  for  plans  of  the  work,  drill- 
holes, and  important  general  conclusions. 

The  rocks  marked  H  and  K  crop  out  about  14  miles  to  the  north 
of  the  tnine,  and  iiave  been  called  metamorphic  Huronian  by  geolo- 
gists describing  tiiis  section.  They  present  the  same  appearance  as 
the  cores,  a  brecciated  ^Yavy  mixture  of  hornblendic,  felsitic,  and 
granular  patches. 

The  country  is  full  of  veins,  and  undoubtedly  at  some  future  time 
a  large  body  of  ore  will  be  found  ;  but  as  yet  every  enterprise  has 
ended  in  failure,  from  the  inability  to  find  anything  more  than 
surface-deposits,  and  the  great  expense  incurred  in  prospecting  the 
dead  ground  in  such  a  hard  formation. 

The  richest  specimen  of  mixed  ore  that  I  remember  carried  ap- 
pro.ximately  925  ounces  of  silver,  25  ounces  of  gold,  24  per  cent,  of 
nickel,  and  about  4  per  cent,  of  cobalt.  I  do  not  think  it  is  known 
just  where  it  came  from,  the  specimen  having  been  brought  in  by 
some  Indian  or  explorer. 

From  Silver  Islet  I  saw  a  piece  of  solid  native  metal  weighing 
163  pounds,  containing  75  per  cent,  of  silver ;  arsenic,  antimony,  etc., 
making  up  the  balance,  there  being  no  gangue  with  this  piece.  It 
formed  part  of  a  mass  more  or  less  mixed  with  spar,  which  produced 
about  §100,000. 

If  the  gold  of  this  district  should  be  worked  on  the  scale  of  the 
California  or  Black  Hills  mines  I  should  look  for  a  product  that 
would  a.stonish  the  country.  The  efforts  to  develop  the  gold  have 
been  feeble,  fitful,  and  unskilful.  The  scale  of  work  is  so  small  that 
any  mine  in  California,  now  producing  its  hundreds  of  thousands 
annually,  would  be  ruined  if  carried  on  with  the  same  daily  capa- 
city of  treatment. 
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BOASTING  KILN  AT  THE  MUSCONETCONO  IRON   WOBKS, 

NEW  JERSEY. 


BY   I.    P.    PARDEE,    STANHOPE,    N.    J. 

(Scranton  Meeting,  February,  1887.) 


In  our  mixture  at  Muscouetcong  Iron  Works  we  have  an  exceed- 
ingly hard,  dense,  magnetic  ore,  which  contains  some  iron  pyrites. 
The  sulphur  runs  from  0.5  to  1.5  per  cent.     To  prepare  this  ore 


Fig. ]. 
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Musconetcong  Roaster,  Vertical  Section. 


better  for  the  furnace,  and  with  a  view  of  making  a  softer  iron,  we 
tried  roasting  the  ore  in  a  Gjers  kiln.  When  it  worked  well,  the 
improvement  in  the  iron  was  very  perceptible ;  but  the  ore  was  con- 
tinually sintering  and  forming  scaffolds  across  the  bosh  of  the  kiln. 
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Fig.  2. 


Musconetcong  Roaster,  Horizonial  Section,  Top  and  Bottom. 
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Under  such  circumstances,  what  little  ore  came  through  was  raw; 
and  finally  we  would  have  to  let  the  roaster  go  out,  and  pick  and 
blast  out  the  sintered  masses.  A  run  of  a  month  was  an  unusually 
long  blast.  At  the  suggestion  of  Mr.  Robert  Slaght,  our  founder, 
the  writer  designed  the  kiln  shown  in  the  accompanying  drawing. 
There  are  no  underground  air-flues,  no  cast-iron  cone  in  the  center, 
and  no  draft-holes  cut  in  the  sheet-iron,  as  in  the  Gjers  kiln.  The 
kiln  here  shown  would  probably  work  better  if  it  were  two  or  three 
feet  higher,  but  our  stock-house  trestle  would  not  permit  us  to  build 
it  so. 

The  kiln  was  built  in  June,  1886,  and,  with  the  exception  of  a 
week's  stop  on  account  of  a  lack  of  ore,  it  has  been  run  continuously. 
The  roasted  ore  is  entirely  changed  in  appearance,  having  a  coarse 
granular  structure,  and  a  considerable  amount  of  sulphur  is  elimi- 
nated. The  average  of  analyses  shows  in  the  raw  ore  0.883  per  cent., 
and  in  the  roasted  ore  0.39  per  cent,  of  sulphur.  Two  analyses, 
made  by  Mr.  P.  W.  Shimer  since  the  above  average  was  calculated, 
show  in  the  raw  ore  0.68  per  cent.,  and  in  the  roasted  ore  0.299  per 
cent. 

When  we  occasionally  get  a  small  mass  of  sintered  ore  in  the  kiln, 
it  is  easy,  by  digging  the  ore  away  from  below,  to  make  it  fall  away 
from  the  walls  and  come  down. 

We  do  not  consider  this  a  highly  scientific  roaster,  like  the  Taylor 
kiln,  or  claim  that  it  roasts  as  well ;  but  we  do  think  it  an  inexpen- 
sive apparatus  for  partially  desulphurizing  and  preparing  certain 
ores  for  the  furnace ;  and  our  experience  has  been  that  it  does  the 
work  in  a  much  more  satisfactory  way  than  the  old  Gjers  kiln. 

The  fuel  used  by  us  is  coal-dirt  or  culm,  the  average  amount  used 
per  ton  of  ore,  for  four  months,  being  60  pounds.  '  This  fuel  costs 
$1.75  per  ton  at  the  furnace.  The  cost  of  roasting  is,  therefore, 
per  ton  of  ore  : 

Labor,  etc., $0  09 

Fuel,  60  pounds,  at  $1.75  per  ton, 0  05 

Total  cost  per  ton  of  ore,     .        .        .        .         .$014 

When  we  use  dirt  screened  from  furnace  lump-coal,  we  charge  it 
at  the  regular  cost  of  lump-coal,  which  brings  the  cost  of  roasting 
up  to  18  to  20  cents  per  ton  of  ore.  We  run  through  the  kiln  from 
50  to  65  tons  every  twenty-four  hours ;  but  it  works  better  when 
only  40  or  50  tons  are  drawn. 
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Our  Gjoi-s  kiln  oot^t  us,  complete,  §610.27,  not  ineliulini]j  tlie  bricks 
for  lining,  all  the  work  being  done  by  our  own  laborers  and  castings 
made  by  us. 

Our  present  roaster  cost  : 

Lalx)r $32  90 

Smith's  time, 35  00 

Mason's  time,          . 12  50 

J-inch  sheet  iron,  rivets,  etc., 95  31 

Castings,  11,040  ponnds  at  1 J  cents, 138  00 

Total, $313  71 

In  this  estimate  there  is  nothing  charged  for  lining,  which  was 
made  of  old  furnace  blocks,  nor  for  the  mortar  used. 


yOTE  OX  THE  XEW  GEOLOGICAL  3IAP  OF  EUBOPE. 

BY  DR.    PERSIFOR  FRAZER,  PHILADELPHIA,   PA. 

During  the  Centennial  year  some  of  our  leading  geologists  in  the 
United  States  and  Canada  conceived  the  happy  thought  of  calling 
an  International  Congress  of  Geologists  for  the  purpose  of  agreeing 
upon  such  important  though  subsidiary  matters  as  the  colors  by 
means  of  which  the  different  geological  formations  should  be  ex- 
pressed ;  the  terms  that  should  be  applied  respectively  to  these  for- 
mations; and  also  upon  the  far  more  important  problem  of  the  limits 
and  values  of  these  different  formations. 

The  first  session  of  this  Congress  was  held  in  Paris  in  1878,  the 
second  session  in  Bologna  in  1881,  and  the  third  session  in  Berlin 
in  1884.  The  third  session  found  the  preliminary  difficulties  so  far 
cleared  away  that  some  definite  and  tangible  results  could  be  at- 
tained. After  a  great  deal  of  free  discussion  had  taken  place  at 
Paris  and  Bologna,  during  which  every  one's  views  were  listened  to 
with  attention  ;  and  a  great  deal  more  painstaking  scientific  work  had 
been  accomplished  by  the  International  Committees,  having  before 
them  the  objects  of  unifying  the  nomenclature  of  the  science,  and  of 
preparing  a  scheme  of  colors  between  the  second  and  third  sessions 
of  the  Congress ;  and  after  the  provisional  results  had  been  subjected 
to  a  searching  criticism  by  the  Congress  in  Berlin ;  it  was  decided 
to  make  an  attempt  to  embody  these  provisional  results  in  some 
work  which  should  include  as  many  as  possible  of  the  difficulties  to 
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be  encountered  by  any  plan  of  unification,  and  at  the  same  time  be 
one  with  which  the  largest  possible  number  of  geologists  were  familiar. 

This  additional  precaution  was  adopted  in  order  that  whatever 
steps  might  be  taken  should  be  well  advised.  This  was  the  reason 
for  the  selection  of  the  continent  of  Europe  as  an  area  upon  which 
to  test  the  proposed  classification  and  coloration  schemes.  Not  only 
are  there  more  geologists  and  larger  geological  collections  in  Europe, 
but  the  fact  that  each  of  the  countries  of  Europe  supports  its  own 
geological  survey,  and  employs  its  own  methods  independently  of 
all  the  rest,  has  for  its  consequences  that  there  are  more  differences 
of  opinion  among  geologists  on  the  continent  of  Europe,  both  in 
important  matters  and  in  matters  of  detail,  than  in  all  the  rest  of 
the  world  put  together.  If,  then,  a  compromise  could  be  effected 
which  would  satisfy  the  conflicting  notions  of  European  geologists, 
it  was  reasonably  sure  that  a  system  of  unification  for  the  whole 
world  could  be  arranged.  It  is  true  that  there  are  some  questions 
to  be  settled  upon  which  European  geology  can  shed  but  little  light, 
but  they  are  not  numerous,  and  they  can  certainly  be  adapted  to  the 
rest  of  the  general  plan  when  that  has  been  decided  upon. 

The  Congress  restricted  to  each  of  the  "large  countries"  of 
Europe,  to  wit:  France,  Spain,  Austro-Hungary,  Russia,  Scandi- 
navia, Germany,  and  Great  Britain,  the  right  to  become  a  sub- 
scriber to  the  proposed  geological  map  of  Europe,  to  be  issued 
under  the  direction  of  a  s{)ecially-appointed  committee  of  the  Con- 
gress. The  number  of  copies  of  the  map  to  which  each  subscriber 
is  entitled  is  one  hundred,  and  the  price  one  hundred  francs  per 
copy.  Belgium,  Holland,  Denmark,  Switzerland,  Portugal,  and 
Iloumania  are  to  divide  among  themselves  100  copies  at  the  same 
price.  The  American  Committee  of  the  Congress,  feeling  that  the 
questions  involved  were  of  universal  and  not  of  merely  European 
interest,  sent  a  request  to  the  Committee  of  Direction  asking  that 
the  United  States  be  included  in  the  list  of  subscribers. 

The  response  of  the  Executive  Committee  to  this  request  was 
favorable. 

The  Congress,  at  its  Bologna  session,  decided  to  undertake  the 
production  of  a  geological  map  of  Europe  on  a  scale  of  1 : 1,500,000, 
and  confided  this  duty  to  a  committee  consisting  of: 

Beyrich,  r  constituting  the  P^xecutive  >  ^ 

T,^,  <.  rn         -T,,.  >       ■         ■    Germany. 

Hauchecorne,    (.  Committee  at  Berlin,  > 

Daubr^e, France. 

Giordano, Italy. 


i 
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Pe  Mwller, Russia. 

Mojsisovics, Aiistro-Hnngary. 

Toplev Great  Britain. 

Renevier  (Secretary  \ Switzerland. 

De  Moeller  has  been  replaced  by  Karpinski. 

The  comniittee  had  meetings  between  the  sessions  of  the  Congress 
at  Foix  in  1882,  and  in  Zurich  in  1883. 

The  contract  lor  printing  the  map  was  made  with  the  house  of 
D.  Reimer  ct  Co.,  of  Berlin,  and  Professor  Kiepert  of  that  city  agreed 
to  prepare  a  new  topographical  base  for  it  from  the  newest  data, 
published  and  unjjublished,  in  his  possession.  From  its  geographical 
value  alone  such  a  map  is  worth  what  it  costs. 

It  will  appear  in  49  sheets  (7  sheets  wide  by  7  high),  each  sheet 
being  48  centimeters  (say  19  inches)  high  by  53  centimeters  (say  21 
inches)  wide.  The  whole  map  when  put  together  will  cover  a  space 
3.36  meters  (say  11  feet)  high  and  3.72  meters  (say  12  feet)  wide. 
For  practical  use  in  the  office  many  will,  doubtless,  prefer  to  keep 
the  sheets  separately  as  they  are  issued. 

The  geology  which  is  put  in  colors  on  the  large  map  will  be  fur- 
nished by  each  nation  for  its  own  territory,  but  harmonized  with  the 
general  scheme  by  the  Central  Committee  in  Berlin. 

At  the  date  of  the  last  session  of  the  Congress  in  Berlin  (Sep- 
tember, 1885),  Professor  Kiepert  had  completed  32  out  of  the  49 
sheets  of  the  base.  This  part  of  the  work  is  probably  entirely 
finished.  The  representation  of  the  geology  in  the  following  coun- 
tries was  also  complete  at  the  above  date:  Prussia,  Saxony,  Hesse- 
Darmstadt,  Wiirtemburg,  Baden,  Alsace-Lorraine,  Luxembourg,  and 
Italy,  Bavaria,  Austria,  England,  and  France,  and  a  large  part  of 
Russia  were  ready  for  chromo-lithographic  representation.  It  will, 
of  course,  be  the  object  of  the  International  Committee  to  complete 
the  map  before  the  next  session  of  the  Congress  in  1888.  Every 
geological  survey  in  Europe  has  been  putting  forth  its  best  energies 
to  surpass  the  others  in  the  completeness  and  accuracy  of  the  data 
which  it  furnishes,  and  these  efforts  alone  will  result  in  an  enormous 
gain  to  our  knowledge,  and  reduction  of  the  time  within  which  we 
should  otherwis-e  have  attained  it. 

For  the  purpose  above  indicated,  a  circular  was  mailed  by  the 
American  Committee  to  one  hundred  and  fifty  institutions  of  learn- 
ing and  original  research,  six  months  ago.  It  was  then  thought  that 
the  one  hundred  copies  would  be  entirely  exhausted  by  such  institu- 
tions at  once.     As  this  has  not  proved  to  be  the  case  (largely  owing 
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to  the  time  at  which  the  circulars  were  sent  out)  the  American  Com- 
mittee at  its  Philadelphia  meeting,  last  December,  decided  to  send 
out  another;  and,  in  addition,  to  invite  a  few  scientific  men  to  take 
advantage  of  the  same  privilege. 

The  following  institutions  in  this  country  are  among  the  sub- 
scribers: Williams  College;  Rensselaer  Polytechnic  Institute;  Uni- 
versity of  Virginia;  Ohio  State  University;  Amherst  College; 
Cornell  University  Library;  Wesleyan  University  ;  Lehigh  Univer- 
sity; Dartmouth  College  ;  Columbia  College;  Indiana  University ; 
Smith  College;  Rutgers  College ;  Yale  University  Library;  Peter 
Redpath  Museum,  McGill  University;  United  States  Military 
Academy  (West  Point);  University  of  Pennsylvania ;  University 
of  New  York;  University  of  Wisconsin;  Washington  University, 
St.  Louis,  Mo.;  Harvard  College  Library;  University  of  North 
Carolina;  University  of  Nebraska;  Johns  Hopkins  University; 
Massachusetts  Agricultural  College;  American  Institute  of  Mining 
Engineers;  Provincial  Museum  (Halifax);  Academy  of  Natural 
Sciences  (Philadelphia) ;  United  States  Geological  Survey;  Ameri- 
can Geographical  Society ;  Second  Geological  Survey  of  Penna. ; 
State  Mining  Bureau  of  California;  Lehigh  Valley  Railroad  Com- 
pany; New  York  State  Library;  Kansas  State  Library;  Franklin 
Institute  of  Philadelphia. 

The  cost  of  the  map  will  be,  to  subscribers,  100  francs  per  copy, 
and  to  the  general  public  125  francs.  To  these  figures  must  be 
added,  for  American  purchasers  (not  public  institutions),  the  cost  of 
importation  and  duty,  say  about  $6.00  per  copy  ;  while  to  American 
public  institutions  the  former  expense  alone,  or  about  $1.00,  must 
be  added. 

[Note. — This  paper,  as  originally  presented  to  the  Institute,  con- 
tained an  appeal  to  members  and  others  to  subscribe  for  this  map 
under  the  arrangement  of  the  American  committee  with  the  execu- 
tive committee  of  the  map  noted  above,  by  which  one  hundred 
copies  at  the  cheaper  rate  were  assigned  to  the  United  States.  The 
occasion  for  this  appeal  having  passed,  this  portion  of  the  paper  has 
been  cancelled  in  preparing  it  for  the  present  volume,  leaving  only 
such  facts  as  may  be  of  interest  for  permanent  record. — P.  F.] 
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A  TILTiyG-LADLE  CAJi  FOB  MOLTEN  METAL  OB  SLAG. 

BY  JOHN   BIRKIXBINE,   PHILADELPHIA, 
(Scranton  Meeting,  February,  1887.) 

An  item  of  considerable  importance  to  the  producers  of  pig-iron 
is  the  disposition  of  the  shig  or  cinder  from  the  blast-furnace;  and 
various  plans  have  been  adopted  at  different  works  to  care  for  the 
rapid  accumulation  of  this  generally  waste  material.  The  charge 
per  ton  of  iron  made  which  must  be  allowed  for  the  care  of  cinder 
is  sufficient  in  times  of  business  depression  to  give  plants  having 
facilities  for  disposing  of  their  slags  an  advantage  over  others  less 
favorably  arranged,  and  to  allow  iron  to  be  produced  profitably  in 
the  one  case  and  prevent  a  profit  in  the  other. 

The  varied  methods  employed  and  the  means  of  conveyance  util- 
ized need  not  be  detailed.  It  is  sufficient  to  say  that  the  large  out- 
puts of  American  blast-furnaces,  and  consequent  rapidly  augnienting 
dump-piles,  have  brought  into  general  favor  the  use  of  cars  carrying 
the  slag  in  a  liquid  condition.  The  advantages  of  this  method  are 
the  prompt  removal  of  the  slag,  the  reduced  space  occupied  by  the 
dump-piles,  and  the  facility  of  converting  the  slag  into  such  forms 
for  use  as  may  be  desired. 

The  progress  in  iron-manufacture  is  also  marked  by  a  more  gen- 
eral adoption  of  methods  by  which  molten  metal  is  carried  in  vessels 
away  from  the  point  of  its  production  ;  and,  anticipating  the  pro- 
spective advance  in  pig-iron  manufacture,  it  does  not  seem  unrea- 
sonable to  prophesy  the  early  abolition  of  casting-houses  at  blast- 
furnaces, particularly  where  several  are  grouped  together;  or  the 
casting  of  steel  ingots  away  from  the  converters  or  furnaces.  In 
some  large  blast-furnace  plants,  the  iron  is  carried  molten  from  the 
blast-furnaces  to  the  converters  or  other  furnaces.  Even  where 
it  is  cast  into  pigs,  casting-sheds  removed  from  the  immediate 
vicinity  of  the  furnace-stack  would,  perhaps,  be  superior  to  casting 
in  beds  in  front  of  the  furnaces.  The  idea  of  casting-sheds  appears 
to  present  the  following  advantages  : 

1st.  The  equipment  of  boilers,  hot-ovens,  and  blowing-machinery 
could  be  closely  grouped  around  the  blast-furnace  stacks,  permitting 
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a  reduced  force  of  keepers  and  helpers  to  operate  them,  and  all  the 
molten  cinder  and  iron  could  be  removed  with  a  minimum  of  labor 


in  suitable  vessels,  the  former  to  the  dump-pilo,  the  latter  to  the 
casting-sheds. 

2d.  The  casting-sheds  could  be  made  of  short  spans,  so  that  their 
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width  would  make  a  oonvouient  lono;th  of  runner,  thus  soeurlno-  an 
e(|ual  amount  of  oais ting- room  at  less  cost  than  that  of  the  usual 


casting- houses  of  similar  capacity.  These  sheds  could  be  well  ven- 
tilated and  provided  with  special  power-appliances  for  handling  the 
pig-iron  from  the  beds  to  the  cars,  etc. 
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3d.  A  special  force  of  men  could  be  constantly  employed  in 
moulding  pig-beds  or  removing  iron  ;  and  it  is  possible  that  economy 
would  indicate  the  use  of  a  pig-bed  moulding-machine. 

4th.  The  cast  would  be  more  uniform  in  grade,  owing  to  the 
mixing  of  the  metal  in  the  conveying  vessel.  By  having  the  dis- 
charge under  absolute  control,  the  losses  from  boils,  over-  or  under- 
run  pigs,  and  pig-bed  scrap  would  be  materially  reduced,  and  a 
smaller  force  of  employes  would  be  able,  by  judicious  arrangement 
of  the  plant,  to  cast  and  handle  more  iron,  with  less  discomfort  and 
risk,  than  by  the  system  ordinarily  pursued. 

5th.  Such  casting-sheds  would  materially  alter  the  arrangements 
of  blast-furnace  plants  with  which  we  have  become  familiar,  and  per- 
mit, in  many  cases,  savings  in  the  arrangements  of  tracks  for  re- 
ceiving raw  material  or  shipping  the  product,  as  well  as  possible 
economies  in  construction,  or  the  location  of  furnace-plants  at  sites 
now  considered  disadvantageous. 

The  car  ilhistrated  consists  of  two  four-wheeled  standard-gauge 
trucks,  provided  with  locomotive  equalizing-bars,  so  as  to  maintain 
contact  between  the  wheels  and  rails  while  passing  the  uneven  tracks 
common  to  cinder  dumps.  Heavy  cast-iron  bolsters  are  pivoted 
over  each  truck,  the  upper  faces  consisting  of  toothed  racks,  which 
engage  the  teeth  of  shrouded  master-wheels  secured  to  a  cast-iron 
bail  encircling  the  ladle  or  kettle.  This  bail  is  not  attached  to  the 
kettle,  but  sustains  it  by  an  angle-iron  ring;  and  ears  placed  below 
the  bail  prevent  the  kettle  from  dropping  out  when  reversed,  thus 
allowing  for  fieedom  of  motion  of  the  ladle  during  the  expansion 
contraction  consequent  upon  sudden  and  severe  changes  of  tempera- 
ture. A  hand-wheel  and  worm-gear  give  motion  to  a  shrouded 
pinion  which  engages  one  of  the  master-wheels  causing  it  to  revolve, 
the  cast-iron  ball  carrying  the  motion  to  the  other  master-wheel. 
The  kettle  is  lined  in  the  ordinary  manner,  with  fire-brick  or  refrac- 
tory material. 

When  ready  to  receive  a  charge  of  molten  metal  or  cinder,  the 
vessel  is  in  a  vertical  position,  the  master-wheels  in  the  middle  of 
the  horizontal  racks,  and  the  cast-iron  bail  carrying  the  weight  by  the 
angle-iron  ring  secured  to  the  kettle.  When  the  charge  of  cinder  or 
metal  lias  been  run,  the  car  is  taken  to  where  the  cinder  is  to  be 
dropped  or  the  metal  cast,  and,  by  means  of  the  hand-wheel,  the 
worm-gear,  and  the  shrouded  pinions,  the  master-wheels  are  I'evolved 
on  the  horizontal  racks,  thus  tipping  the  ladle  to  any  desired  angle 
on  either  side,  and  at  the  same  time  carrying  the  spill  beyond  the 
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tracks  on  which  the  car  runs,  the  rate  of  discharge  being  under  the 
absolute  control  of  the  operator  at  the  hand-wheel.  One  ladle  of 
110  cubic  feet  capacity  has  been  emptied  of  liquid  cinder  and  re- 
turned to  a  vertical  position  in  fifteen  seconds.  It  could  be  emptied 
as  much  slower  as  might  be  desired. 

When  the  contents  of  the  ladle  have  been  discharged,  the  vessel 
is  raised  to  a  vertical  position  by  the  worm-gear,  either  while  the 
car  is  at  rest  or  while  it  is  in  motion. 

Where  it  is  desired,  a  cover  can  be  placed  over  the  ladle  to  pro- 
tect molten  metal,  and,  by  inserting  a  tap-hole  in  the  bottom,  metal 
taken  from  a  furnace  can  be  cast  through  it,  and  the  vessel  then 
revei-sed  to  remove  all  "  skulls"  or  scorice  before  they  harden  in  it. 
Whether  the  idea  could  not  be  carried  further,  and  the  system  ex- 
tende<i  to  making  small  converters  on  trucks,  is  left  for  future 
investigation. 

The  car  here  illustrated  is  constructed  under  patents  by  the 
Weimer  Machine  Works  Company,  Lebanon,  Pa.  It  weighs  about 
10  gross  tons,  and  the  ladle  has  a  capacity  of  110  cubic  feet.  It  is 
made  to  run  on  standard  gauge  (4'  9")  rail  way- tracks,  and  propor- 
tioned for  molten  slag.  When  metal  is  carried,  the  strength  would 
be  correspondingly  augmented. 

As  now  in  use,  this  car  is  employed  for  filling  cinder-banks,  and 
for  the  production  of  metalling  for  railroads  by  running  the  slag  in 
thin  sheets,  which  are  broken  by  contraction  into  approximate  cubes. 
It  can  be  utilized  in  connection  also  with  water-granulation  of  cin- 
der, or  the  casting  of  cinder  paving-blocks.  As  a  conveyer  of  metal 
it  appears  to  be  adapted  for  heavy  castings  in  foundries,  and  for 
carrying  molten  iron  from  blast-furnaces  to  foundries,  converters,  or 
furnaces.  As  a  cinder-car  it  can  be  used  for  dry  as  well  as  liquid 
cinder.  When  employed  to  discharge  liquid  slag  over  the  rim  it  is 
free  from  the  objections  to  the  form  of  cars  with  gates,  where  "skulls" 
form,  which  must  be  broken  out  with  considerable  cost  for  labor, 
loss  of  time,  and  damage  to  lining.  In  six  months'  use  with  liquid 
cinder,  no  lining  has  had  to  be  renewed  or  patched  in  the  tilting- 
ladle  described,  while  in  the  ordinary  form  with  tap-hole  such  repairs 
are  frequent,  and  linings  last  but  from  one  to  two  months  only. 
The  illustrations  exhibit  the  car  in  a  vertical  position,  with  the 
shrouded  gear-wheel  in  the  center  of  the  horizontal  rack,  and  also 
with  the  ladle  tipped  to  spill  the  cinder,  the  gear-wheel  being  run 
out  towards  the  end  of  the  rack. 
VOL.  XV. — 44 
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THE  DISTBIBJJTION  AND  PBOPOBTIONS  OF  AMEBICAIT 
BLA8T-FUBNAGES. 

[SECOND  PAPER.] 
BY  JOHN  BIRKINBINE,  PHILADELPHIA,  PA. 

(Scranton  Meeting,  February,  1887.) 

The  following  data  concerning  the  general  dimensions  and  dis- 
trict-location of  the  blast-furnaces  of  the  United  States  are  intended 
to  supplement  a  paper  of  similar  title,  which  appears  in  volume 
xiv.,  pages  561  to  577,  of  the  Transactions,  and  bring  the  record 
to  the  end  of  the  calendar  year  1886.  The  reasons  for  presenting 
the  figures  at  so  short  an  interval  since  the  former  paper  are  that  the 
American  Iron  and  Steel  Association  has  lately  issued  a  new  direc- 
tory of  iron  and  steel  works  (edition  of  1886)  from  which  many  of 
the  plants  which  have  been  inactive  are  omitted  and  new  industries 
added,  to  such  an  extent  as  to  materially  affect  the  figures  presented 
in  the  first  paper ;  and  also  that  the  improvement  in  business  has 
encouraged  a  production  of  pig-iron  in  1886  in  excess  of  any  pre- 
vious outputs,  and  the  results  obtained  in  the  industry  at  large  as 
well  as  at  individual  plants  form  a  better  index  of  what  the  Amer- 
ican furnaces  can  accomplish  than  those  heretofore  presented. 

The  statement  will  not  be  extended  beyond  the  production  of  pig- 
iron,  although  it  could  well  be  made  to  include  the  manufactured 
iron  and  steel ;  and  while  the  data  given  have  been  verified  as  far  as 
possible  up  to  the  close  of  the  year  1886,  no  attempt,  except  in  spe- 
cial cases,  has  been  made  to  note  the  changes  which  have  taken  place 
since  that  time — changes  which  within  the  next  twelvemonth  will 
affect  some  of  the  figures  here  presented. 

At  the  close  of  the  year  1886  there  were  579  blast-furnaces 
reported  on  the  active  list — an  apparent  decrease,  as  compared  with 
my  former  paper,  of  97  stacks ;  but  this  was  not  an  actual  decrease, 
since  most  of  the  furnaces  dropped  from  the  Directoi^y  were  those 
which,  owing  to  location,  inefficient  equipment,  or  failure  of  ore-sup- 
plies, etc.,  were  considered  likely  to  remain  inactive,  although  a 
number  of  them  will  possibly  be  temporarily  put  into  blast  with 
iron  advancing  in  price.     On  the  other  hand  the  new  plants  added 
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to  the  list,  taking  tlie  places  of  some  dropped,  are  mainly  of  large  ca- 
pacity and  have  done  much  to  augment  the  average  size  and  output. 

Divided  according  to  the  fuel  used,  the  bhist-furnaces  of  the  coun- 
try may  be  classeil  as  follows : 

There  are  171  furnaces  using  charcoal  as  fuel,  with  a  total 
reporteil  capacity  of  1,149,435  net  tons,  the  product  of  the  year  1886 
being  460,917  net  tons,  or  41  per  cent,  of  the  estimated  capacity. 

There  are  203  furnaces  using  anthracite  coal,  or  a  mixture  of  an- 
tiinicite  and  coke,  as  fuel,  with  an  aggregate  annual  capacity  reported 
net  of  3,296,972  net  tons,  the  product  for  the  year  being  2,099,597 
tons,  or  63.7  per  cent,  of  the  estimated  capacity.  The  amount  of 
pig-iron  made  in  the  year  with  anthracite  only  as  fuel  was  but 
443,746  net  tons,  which  indicates  a  very  general  employment  of  coke 
as  a  means  of  securing  more  rapid  driving  and  relieving  the  gener- 
ally weak  machinery  of  the  older  plants,  of  which  there  are  a  large 
proportion  among  the  anthracite  furnaces. 

There  are  205  furnaces  using  coke  or  bituminous  coal  and  coke  as 
fuel,  with  a  total  annual  capacity  reported  of  5,669,200  net  tons; 
the  product  for  the  year  being  3,806,174  net  tons,  or  67.1  per  cent, 
of  the  reported  capacity. 

There  is  now  but  a  small  proportion  of  raw  bituminous  coal  used 
in  blast-furnaces,  the  practice  being  confined  to  a  few  districts  and 
the  addition  of  coke  is  generally  practiced  at  these  furnaces. 

The  total  output  of  pig-iron  \vas  62,9  per  cent,  of  the  total  esti- 
mated capacity. 

Comparing  with  the  above  figures  those  given  in  the  first  paper, 
for  the  year  1884,  a  marked  increase  is  noted,  particularly  in  the 
output  of  the  coke  furnaces.     The  figures  for  the  two  years  are : 

1884.  1886. 

Xo.  of  Furnaces    Product,    No.  of  Furnaces     Product, 
Reported.         Net  Tuns.  Reported.       Net  Tons. 

Using  charcoal  as  fuel,  .  .  .221  458,418  171  460,917 
Using  anthracite,  or  anthracite  and 

coke,  a-s  fuel, 221  1,.586,453  203  2,099,597 

Using  coke  and  bituminous  coal  as  fuel,    234  2,544,742  205  3,806,174 


Totals, 67G         4,589,613  579  6,366,688 

Of  the  product  of  the  blast-furnaces  in  1886,  47,982  net  tons  was 
spiegeleisen  or  ferro-manganese,  made  in  Pennsylvania,  New  Jersey 
and  Colorado. 

As  previously  explained,  these  papers  have  been  prepared  to  place 
in  our  Transactions  a  record  of  the  progress  which  the  country  is 
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making,  and  to  which  Sir  Lowthian  Bell,  in  a  paper  entitled  The 
Iron  and  Steel  Trade,  refers  in  the  following  language  :  "  He  must 
be  a  very  careless  reader  of  the  history  of  his  own  time  who  has  not 
received  a  general  impression  that  the  recent  progress  of  industry  in 
tlie  United  States  of  America  excels  that  of  any  other  nation  in  the 
world.  Among  the  branches  which  have  been  distinguished  by  a 
rapid  growth,  probably  none  is  more  marked  than  the  manufacture 
of  iron 

"  Upon  a  recent  occasion  I  constructed  a  table  which  was  brought 
down  to  the  years  of  the  largest  iron-production  the  world  has  ever 
known,  viz.:  1882  and  1883.  In  it  an  estimate  was  made  of  the 
actual  quantity  of  the  metal  consumed  in  the  United  Kingdom  and 
in  the  United  States.  It  commenced  with  1878,  when  our  country 
used  more  iron  than  any  other  nation.  At  that  time  the  United 
States  worked  up  70  per  cent,  of  the  weight  consumed  in  this 
country.  In  1883  the  figures  were  almost  exactly  reversed,  i.e.,  the 
consumption  in  the  United  Kingdom  was  just  about  70  per  cent, 
of  that  of  the  United  States.  The  estimate  was  based  upon  the 
quantity  of  pig-iron  used  as  such  and  the  equivalent  of  the  pig 
required  in  the  production  of  the  metal  in  its  more  advanced  states 
of  manufacture,  such  as  steel,  malleable  iron,"  etc. 

To  understand  the  relative  position  of  the  United  States  as  an 
iron-producer  to  other  countries,  Mr.  Bell  publishes  a  table  showing 
the  output  of  pig-iron  from  1870  to  1884  (both  inclusive)  by  the 
United  Kingdom,  the  United  States,  five  European  countries  and 
other  countries,  and  upon  this  table  he  remarks': 

"In  the  change  in  the  relative  proportions  of  the  world's  make, 
between  1870  and  1883,  the  United  States  has  increased  by  about 
40j  per  cent.,  and  the  five  European  countries  given  by  about  23| 
per  cent.,  whereas  the  United  Kingdom  has  declined  by  about  25J 
per  cent.  As  regards  consumption,  .  .  .  .  in  six  years  ending  1883, 
the  increase  of  the  United  States  was  above  115  per  cent.,  against 
an  increase  of  only  5  per  cent,  in  the  United  Kingdom." 

From  the  table  above  mentioned  the  following  is  taken  : 

Tons. 
Pig-iron  made  in  1870. 

United  Kingdom,  .     5,963,000 
United  States,  ,     1,605,000 

5  European  countries,  3,577,000 
Other  nations,         .       360,000 

World's  make,    11,565,000      18,077,000      20,281,000      100.0    100.0      100.0 


Tons. 

Tons. 

Percentages. 

1880. 

1884. 

1870. 

1880. 

1884. 

7,749,000 

7,812,000 

61.6 

42.9 

38.4 

3,834,000 

4,097,000 

14.4 

21.2 

20.2 

5,934,000 

7,722,000 

30.9 

32.8 

38.2 

560,000 

650,000 

3.1 

3.1 

3.2 
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It  is  to  be  regretted  that  other  countries  are  not  as  well  equipped 
as  the  United  States  for  the  collection  of  statistics;  for  the  rapid 
increase  of  the  pig-iron  production  since  1884,  as  given  elsewhere, 
would  indicate  a  still  more  favorable  comparison. 


Proportions  of  American  Blast-Fumaces  using  Coke  or  Bituminous 

Coal  as  Fuel. 


States  and  Districts. 


Pennsylvania: 

Shenango  Valley. 

AUeghenv  Co 

Miscellaneous 

Total  for  State. 

Maryland 

Virginia 

Alabama 

Georgia 

West  Virginia 

Kentucky 

Tennessee 

Ohio: 

Hanging  Rock 

Mahoning  Valley. 

Hocking  Valley... 

Miscellaneous 

Total  for  State. 

Indiana 

Illinois 

Missouri 

Michigan 

Wisconsin 

Colorado 

Total 


Reported 
annual 
capacity. 

Net  tons. 


DimeQsioDs  of  Furnaces. 


Height. 


Maxi- 
mum. 


596,000 

917,000 

718,2001 

2,231,200 

17,000 
234,000 
280,000i 

60,000 
139,000 

57,000 
280,000 

131,300 

473,300 

179,000 

546,000 

1,329,600 

18,000 

729,400 

168,000 

15,000 

87,000, 

24,000 


ft.  in. 
78  0 
85  0 
78  0 
85  0 
50  0 

85  0 
75  0 
63  0 
75  0 
66  0 
75  0 

86  0 
80  0 
60  0 
80  0 
86  0 
60  0 
80  0 
75  0 

66  0 


205  5,669,200  86  0 


Mini-   Aver- 
mum.     age. 


ft.  in.'  ft.  in. 

48  0  63     9 

45  0  71     7 

42  0  59 

42  0  63 

50  0  50 

48  0  63 

50  0  64 

60  0  61 
50  0  61 
62  0  64 

61  0  68 


47  0  158 

55  0  69 
47  0  53 

51  0  66 
47  7  62 

52  0  56 
60  0  71 

56  0  62 
...     63 

55  0  62 
65 


42  0 


64  0 


Diameter  at  Bosh. 


Maxi- 
mum. 


ft.  in. 


18  0 
18  0 

16  0 
20  0 

20  0 
13  0 

21  0 
20  0 

17  0 


22  0 


Mini- 
mum. 


ft.  in, 


15     0 


9     0 


Aver- 
age. 


ft.  in. 


14  4 
16  .S 
13  10 

16  0 

15  3 
12     6 

17  11 

16  3 

17  0 
16  4 
15    0 


15    6 


25,900 
50,900 
22,400 
30,600 
8,500 
23,400 
25,500 
30,000  ■ 
23,200 
19,000 
31,100 

10,900 
31,600 
13,900 
30,300 
22,800  i 
9,000 
45,600 
21,000  I 
15,000 
29,000  1 
24,000  I 


27,700 


694      THE   DISTRIBUTION,    ETC.,   OF    AMERICAN    BLAST-FURNACES. 


Proportions  of  American  Blast- Furnaces  using  Charcoal  as  Fuel. 


States  and  Districts. 


Maine 

^lassachusetts 

Connecticut 

New  York 

Pennsylvania 

Maryland 

Virginia 

North  Carolina 

Georgia , 

Alabama 

Texas....... 

West  Virginia 

Kentucky 

Tennessee 

Ohio 

Missouri 

Michigan 

Wisconsin 

Minnesota, 

California 

Oregon 

Washington  Territory 

Total 


171 


Reported 
annual 
capacity. 

Net  tons. 


Dimensions  of  Furnaces. 


Height. 


Maxi- 
mum. 


5,000 
14,500 
39,000 
62,000 
66,790 
58,100 
64,625 

7,200 

8,600 
91,700 
17,425 

9,620 
12,000 
62,000 
72,100 
57,000 
362.275 
99,500 
10,000 
12,000 

8,000 
10,000 


1,149,435 


ft.  in. 

33 'O 

40  0 
55  0 
53  0 
50  0 

47  0 
50  0 
60  0 
62  0 

55  0 
42  0 

48  6 
65  0 

41  6 
60  0 

56  0 
55  0 


62  0 


Mini- 
mum. 


ft.  in. 

32  0 

31  0 

32  0 

28  0 

29  0 
25  0 
38  0 
41  0 
45  0 
55  0 
32  0 
32  0 
32  0 
32  0 
50  0 
49  0 

30  0 


25  0 


Aver- 
age. 


ft.  in. 
50     0 


Diameter  at  Bosh. 


Maxi- 
mum. 


ft.  in. 


47   10 


44     3112 


35  11 
0 


41     1 


13     0 


Mini- 
rhura. 


ft.  in. 

g'o 

9  0 
9   0 

7  0 

7  6 

8  0 

9  4 
8  0 
8  8 
8  6 
8  0 

10  0 
8  0 
8  6 

10  0 
8  0 
8  0 


7  0 


Aver- 
age. 


ft.  in. 
9  0 
9  2 
9  9 
9  4 
8  10 

8  11 

9  4 
9  8 
9     0 

11     3 

9     0 

9    7 

10    2 

10    0 

10    4 

10    9 

9  11 

9    5 

10    0 

10    0 

10    0 

10    0 


9    7 


5,000 

3,600 

4,300 

6,900 

3,200 

4,.500 

2,800 

3,600 

4,300 

9,200 

8,700 

3,200 

4,000 

7,800 

4,200 

14,300 

14,500 

9,000 

10,000 

12,000 

8,000 

10,000 


6,800 


Proportions  of  American  Blast- Furnaces  using  Anthracite  Coal 

as  Fuel. 


States  and  Districts. 


New  York 

New  Jersey 

Pennsylvania: 

Leiiigh  Valley 

Schuylkill  Valley. 

Upper  Susquehanna 

Lower  Susquehanna 
Total  for  State 
Maryland 


Total. 


33 

18 

48 
45 
] 
37 

148 
4 


Reported 
annual 
capacity. 


621,900 
290,100 

821,000 
670,040 
253,700 
609,232 
2,353,972 
31,000 


Dimensions  of  Furnaces. 


Height. 


Maxi- 
mum. 


ft.  in. 
80  0 

80  0 

81  0 
80  0 
70  0 

80  0 

81  0 
53  0 


203  3,296,972  81  0 


Mini- 
mum. 


ft.  in. 
42  0 

30  0 

33  0 
40  0 
36  0 
36  0 
33  0 
32  0 


30  0 


Aver- 
age. 


ft.  in. 

60  3^ 
59  0 

61  11 
56     9 


57     1 


Diameter  at  Bosh. 


Maxi- 
mum. 


ft.  in. 

18  0 
20  6 

19  0 
18  0 

20  6 
20  0 
20  6 
15  0 


20  6 


Mini- 
mum. 


ft.  in. 

12  6 

8  0 

8  6 
12  0 
12  0 

9  6 
8  6 

12  0 


8  0 


Aver- 
age. 


ft.  in. 

13  9 

15  5 

16  1 

14  6 

15  2 

13  8 

14  10 
12    9 


14    8 


18,800 
16,100 

17,100 
14,900 
14,100 
16,.500 
15,900 
7,800 


\ 


16,200 
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Twenty-three  States  and  one  Territory  (Washington)  marie  pig- 
iron  in  188G,  anil  in  two  States  where  bhist-furnaces  exist  the  indus- 
try was  inactive. 

The  distribution  of  the  bh\st-furnaces  by  States  and  the  product 
of  pig-iron  for  these  States  in  the  year  1886  are  given  below  in  their 
order  of  precedence.  The  letters  a,  6,  c,  respectively  represent  that 
the  iron  was  made  [a]  with  antliracite  coal  or  anthracite  coal  and 
coke,  [6]  with  bituminous  coal  or  coke,  [c]  with  charcoal. 


No.  of 

Product, 

Percent 

stacks. 

Net  Tons. 

Produc 

Pennsylvania,     . 

[«],  [bl  [c], 

242 

3,293,289 

51.7 

Ohio,' 

Lb],  [c], 

75 

908,094 

14.3 

Illinois, 

Lb], 

16 

501,795 

7.9 

Alabama,    . 

Lb],  W, 

21 

283,859 

4.5 

New  York, 

[«],  W, 

42 

233,618 

3.7 

Tennessee, 

Lb],  [c], 

17 

200,526 

3.1 

Michigan,  . 

[c]. 

26 

190,734 

3.0 

New  Jersey, 

La], 

18 

157,886 

2.5 

Virginia,    . 

Lb],  [c], 

33 

156,250 

2.5 

West  Virginia,  . 

Lb], 

9 

98,618 

1.5 

Missouri,    , 

Lb],  [c], 

12 

74,523 

1.2 

Wisconsin, 

Lb],  [c]. 

14 

65,933 

1.0 

Kentucky,  . 

Lb],  [c], 

6 

54,844 

0.8 

Georgia, 

Lb],  [c], 

4 

46,490 

0.7 

Maryland,  . 

W,  Lb],  [c]. 

19 

30,502 

0.5 

Connecticut, 

[c], 

9 

19,390 

0.3 

Indiana, 

Lb], 

2 

16,660 

0.2 

Colorado,    . 

Lb], 

1 

10,451 

0.2 

Massachusetts,    . 

[c], 

4 

8,124  ■ 

Maine, 

Lc], 

1 

5,060 

Texas, 

[c], 

2 

3,250 

Washington  Territory, 

Lc], 

1 

2,842 

•     0.4 

North  Carolina, 

Lc], 

2 

2,200 

California,  . 

Lc], 

1 

1,750 

Minnesota, 

Lc], 

1 

.... 

Oregon, 

Lc], 

1 

Total,  1886,      . 

579 

6,366,688 

100.0 

An  examination  of  the  table  shows  that  over  half  of  the  pig-iron 
product  came  from  Pennsylvania,  and  that,  although  Ohio,  the  next 
in  order  of  production,  made  but  28  per  cent,  as  much  iron  as  Penn- 
sylvania, the  combined  output  of  the.se  two  States  was  almost  two- 
thirds  of  the  production  of  the  country.  Similarly  Illinois,  which 
followed  Ohio,  with  a  production  of  55  per  cent,  of  the  latter  State, 
added  sufficient  to  the  pig-iron  output  to  bring  the  aggregate  of 
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Pennsylvania,  Ohio  and  Illinois  close  to  three-fourths  of  the  total 
make  of  the  country,  indicating  that,  notwithstanding  the  scattered 
location  of  the  blast-furnaces,  the  bulk  of  the  pig-iron  was  made 
within  a  comparatively  restricted  area. 

Dividing  the  country  into  Eastern,  Middle,  Southern,  Western 
and  Pacific  States,  we  have  the  following  statement  of  furnaces  and 
output : 

No.  of  Net  Tons  Made  Per 

Furnaces.  in  1886.  Cent. 

Eastern  States : 14  32,574  .51 

[Me.,  Mass.  and  Conn.] 
Middle  States : 321  3,715,295  58.36 

[N.  Y.,  N.  J.,  Penn.  and  Md.] 
Southern  States : 94  846,037  13.29 

[Va.,  N.  C,  Ga.,  Ala.,  W.  Va.,  Ky., 
Tenn.  and  Texas.] 
Western  States: 147  1,768,190  27.77 

[O.,  Ind.,  111.,  Mich.,  Miss.,  Minn., 
Mo.  and  Col.] 
Pacific  States : 3  4,592  .07 

[Cal.,  Or.  and  Wash.  Ten] 

Total, 579  6,366,688  100.00 

North  of  the  Potomac  and  Ohio  Rivers  and  east  of  the  Mississippi 
there  were  at  the  close  of  1886,  468  furnace-stacks,  with  a  reported 
capacity  of  8,503,437  net  tons,  and  an  output  for  the  year  of 
5,431,085  net  tons,  or  85.4  per  cent,  of  the  product  for  1886.  South 
of  the  Potomac  and  Ohio  Rivers  and  east  of  the  Mississippi  the 
number  of  furnaces  was  92,  with  a  reported  capacity  of  1,305,745 
net  tons  and  a  production  of  842,787  net  tons  in  1886,  or  1-3.2  per 
cent,  of  the  net  product  of  1886.  The  furnace-stacks  west  of  the 
Mississippi  number  19  and  have  a  reported  capacity  of  115,607  net 
tons,  the  make  in  1886  being  92,816  net  tons,  or  1.4  per  cent,  of  the 
product  of  1886. 

The  elimination  from  the  record  of  many  of  the  older  plants  and 
the  addition  of  modern  structures  has  shown,  as  exhibited  by  the 
table,  a  general  increase  in  both  height  and  diameter  of  the  bosh  in 
the  blast-furnaces;  but  the  progress  in  managing  the  plants  has 
caused  an  increase  in  capacity  in  excess  of  what  would  be  due  to  the 
enlarged  dimensions. 

By  comparing  the  tables  in  this  and  in  my  former  paper  we  find 
the  following  for  all  the  bituminous  coal  furnaces : 
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18W. 

1S86. 

Niiml>er  of  furnaces,  . 

221 

205 

Total  rejKirteil  capacity,  net  tons, 

5,067 

,100 

5,669,200 

Prinliict  in  year,         .         .         .         . 

2,544 

742 

3,806,174 

Average  capacity  per  furnace,   . 

22 

,900 

27,700 

Maximum  height, 

86  ft. 

86  ft. 

Average  height, 

63  ft. 

64  ft. 

Maximum  bosh  diameter, 

21  ft. 

22  ft. 

Average  bosh  diameter,     . 

14  ft. 

11 

in.             15  ft.  6  in 

For  anthracite  furnaces: 


Number  of  furnaces 221  203 

Total  reported  capacity,  net  tons,        .  3,074,082  3,296,972 

Average  capacity  per  furnace,  net  tons,         13,900  16,200 

Product  for  the  year,  net  tons,  .        .  1,586,453  2,099,597 

Maximum  height,      ....                80  ft.  81  ft. 

Average  height,         ....                55  ft.  8  in.  57  ft.  1  in. 

Maximum  diameter  at  bosh,      .         .                20  ft.  6  in.  20  ft.  6  in. 

Average  diameter  at  bosh,         .        .                14  ft.  10  in.  14  ft.  8  in. 


For  charcoal  furnaces ; 


Number  of  furnaces,  .        .        .        • 
Total  reported  capacity,  net  tons, 
Average  capacity  per  furnace,  net  tons. 
Total  product  in  year,  net  tons, . 
Maximum  height,      .... 
Average  Jieight,  .... 

Maximum  diameter  of  bosh. 
Average  diameter  of  bosh, 


The  enlargement  of  dimensions  and  augmented  capacity  is  most 
marked  in  the  coke-furnaces  and  least  prominent  in  the  charcoal- 
plants. 

It  is  not  considered  essential  to  repeat  from  a  former  paper  the 
table  prepared  to  show  the  percentage  of  the  blast-furnaces  of  the 
United  States,  arranged  according  to  the  fuel  used,  which  were  active 
at  the  dates  named,  viz.:  1873  to  1885,  but  the  figures  from  Jan- 
uary 1st,  1885,  only  will  be  copied  and  the  addition  made  for  sub- 
sequent reports. 


234 

171 

1,330,000 

1,149,435 

5,680 

6,800 

458,418 

460,917 

65  ft. 

62  ft. 

39  ft.  7  in. 

41  ft.  1  in. 

14  ft. 

13  ft. 

9  ft.  6  in. 

9  ft.  7  in. 
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Percentages  of  Whole  Number  of  Blast-Furnaces  which  were  in  Blast 
at  Various  Dates. 


From  Iron  Age  Quarterly  Returns. 

From  Annual  Reports  of  the 

American  Iron  and  Steel 

Association. 

Year. 

Date. 

o 
o 

Si 

6 

a 
< 

3 
O 

n 

"a 

3 

3 

a 

3 
< 

1 

1 

a 
< 

3 
O 
□ 

a 

3 

s 

a 

3 
< 

1885- 

r 

1886  j 
1887... 

January  1 

April  1 

29.4 
20.7 
21.4 
27.0 

35.9 
20.5 
35.5 
39.3 

33.7 

38.2 
36.7 
36.5 
34.2 

47.1 
52.9 
55.5 
57.2 

65.2 

36.6 
40.4 
41.1 
39.3 

51.8 
54.0 
62.3 
66.7 

67.2 

34.7 
32.4 
32.8 
33.5 

41.4 
42.5 
52.1 
55.2 

56.4 

28.7 
33.1 
36.4 

38.4 
50.5 
62.2 

39.1 
55.0 
70.4 

35.3 

46.7 
57.4 

Julv  1 

October  1 

January  1 

April  1 

July  1 

October  1 

January  1 

Blast  Furnace  Capacity— from  "Iron  Age"  Quarterly  Reports. 


Year. 


1885 


1886 


1887.. 


Date. 


January 

April 

July 

October 

Average  per  week 

January 

April 

July 

October 

Average  per  week 

January 


Capacity  of 
Charcoal 
Furnaces 
in  Blast. 


Tons. 

8,371 

7,481 

7,692 

8,056 

7,900 

7,804 
6,766 
9,885 
10,332 
8,696| 

10,701 


Capacity  of 

Anthracite 

Furnaces 

in  Blast. 


Tons. 
21,564 
21,704 
20,444 
20.318 
21,007J 

29,811 
33,280 
36,762 
35,819 
33,918 

40,736 


Capacity  of 

Bituminous 

Furnaces 

in  Blast. 


Tons. 
36,812 
45.655 
43,943 
43,234 
42,411 

54,199 
64,821 
71,316 
70,802 
65,284^ 

73,422 


The  amount  of  pig-iron  produced  in  the  United  States  with  dif- 
ferent fuels,  and  the  total  production  for  31  years,  from  1854  to 
1886,  is  shown  in  the  former  paper,  and  space  will  only  be  taken 
for  a  resume  from  1880  to  1886,  inclusive. 
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Ye.irs. 

Net  tons  of  2000  pounds. 

Anthracite. 

Charcoal. 

Bituminous. 

Total. 

18.«0 

1,807,651 
1,734,462 
2,042,138 
1,885,596 
1,586.453 
1,454,890 
2,099,597 

537,558 

638.838 

697.906 

571,726 
458,418 
399,844 
460,917 

1,950.205 
2,268,264 
2.438,078 
2,689,650 
2,544,742 
2.675,635 
3,806,174 

4,295,414 
4,641,564 
5,178,122 
5,146,972 
4,589.613 
4,529,869 
6,366,688 

ISSl 

1882 

1883 

1884 

1885 

1886  „ 

In  tlie  table  full-faced  figures  indicate  the  maximum  pro- 
duct. 


GEOLOGY  AXD  MINING  IN  THE  NOBTHEBN  COAL-FIELD 
OF  PENNSYLVANIA. 

BY   FRANK  A,    HILL,   PHILADELPHIA,   PA. 

A  VISITOR  to  the  Xorthern  anthracite  coal-field  in  1844  wrote: 
"  History  and  song  have  hallowed  the  valley  of  Wyoming,  and 
everything  pertaining  to  it  seems  wrapped  in  an  atmosphere  of  ro- 
mance." 

Song  and  history  have  since  been  almost  forgotten  in  the  rush  of 
enterprise  and  business  energy,  while  the  invested  capital  which  has 
built  1(30  colliery  plants,  producing  last  year  17,031,826  tons  of  coal 
and  giving  employment  to  50,000  men  and  boys,  lends  an  atmos- 
phere the  inspiration  of  which  is  the  very  sustenance  of  prosperity 
and  progress.  The  fundamental  cause  of  this  great  valley's  finan- 
cial strength,  however,  rests  on  the  fulness  of  its  mineral  wealth. 
Its  mountains  surround  and  its  cities  are  built  upon  anthracite  coal. 
Its  foundation,  physically,  financially  and  socially,  is  coal.  Its  ge- 
ology has  governed  its  growth  and  developed  its  greatness. 

In  1768,  ten  years  prior  to  the  celebrated  Wyoming  massacre,  two 
Connecticut  Yankees,  named  Gore,  .settled  near  Wilkesbarre,  Lu- 
zerne County,  and,  burning  Pennsylvania  anthracite  in  their  black- 
smith's forges,  were  the  first  to  utilize  it  as  a  fuel.  Its  first  use  in 
the  household  was  also  at  Wilke.sbarre,  where,  in  1808,  Judge  Fell 
burned  it  in  an  open  grate.  Carbondale,  Wilkesbarre,  and  Scranton 
were  early  recognized  as  the  coal  centers  of  the  field. 
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In  the  early  history  of  the  trade,  organized  effort  for  the  produc- 
tion and  marketing  of  anthracite  was  largely  confined  to  the  Lehigh 
and  Schuylkill  regions,  these  regions  being  nearer  the  large  cities  at 
tide-water  and  their  natural  drainage-outlecs  being  in  favor  of  trade. 
Recording  this  fact  and  realizing  its  importance,  we  must  remember 
that  the  earliest  development  of  Pennsylvania  anthracite,  and  the 
recognition  of  its  fuel-value,  are  to  be  credited  to  citizens  of  the 
Northern  field.  Brain,  muscle,  and  money  have  in  recent  years 
placed  this  coal-field  in  the  lead,  with  every  prospect  of  holding  that 
position  for  some  years  to  come. 

From  the  time  Pennsylvania  anthracite  began  to  find  a  market 
until  1867,  the  production  of  the  Schuylkill  or  Southern  field  was 
in  excess  of  that  of  the  Northern.  Since  that  time,  although  the 
former  has  almost  doubled,  the  Northern  field  has  more  than  trebled 
its  yearly  shipment,  shipping  in  1866  from  the  collieries  within  its 
areas  53  per  cent,  of  all  the  Pennsylvania  anthracite  that  went  to 
market.  The  total  shipment  of  the  field  to  January  1st  was 
260,006,791  tons,  44  per  cent,  of  the  total  anthracite  tonnage  of  the 
State. 

The  Northern  coal-field,  as  its  name  indicates,  is  the  most  north- 
erly of  the  anthracite  fields  of  Pennsylvania ;  is  situated  in  the 
northeastern  part  of  the  State,  between  the  meridians  0°  50'  and  1° 
40'  east  of  Washington,  and  the  northern  parallels  of  41°  05'  and 
41°  45',  and  extends  from  a  point  three  miles  westof  Shickshinny  in 
Luzerne  county,  through  the  counties  of  Luzerne  and  Lackawanna, 
beyond  the  town  of  Forest  City  in  Susquehanna  county,  enclosing 
within  its  boundaries  a  very  small  portion  of  Wayne  county. 

It  includes  within  its  limits  the  city  of  Scranton,  with  a  popu- 
lation of  75,000,  Wilkesbarre  with  35,000,  together  with  Nanticoke, 
Plymouth,  Kingston,  Pittston,  Olyphant,  Archbald,  Carbondale,  and 
many  lesser  towns. 

It  is  locally  divided  into  the  Wyoming  and  Lackawanna  valleys. 
The  Wyoming  valley  represents  all  that  portion  of  the  Northern 
coal-field  southwest  of  the  junction  of  the  Susquehanna  and  Lacka- 
wanna rivers.  The  Lackawanna  valley  includes  all  that  portion  east 
of  this  junction.  In  addition  to  this  surface-division,  a  distinction  is 
made  between  the  Wyoming  and  Lackawanna  coal-basins.  This 
distinction  is  purely  arbitrary,  and,  in  a  geological  sense,  is  of  no 
value,  as  these  basins  are  really  one  and  the  same.  The  Salem  basin 
is  sometimes  referred  to  as  a  third  distinct  basin.     It  is  really  a  con- 
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tinuation  of  the  Wyoming,  but  is  separated  from  it  by  the  southern 
flow  of  the  Susquehanna  at  Shieksliinny. 

The  area  of  the  entire  field  is  about  200  square  miles.  Its  length 
is  about  54  miles,  while  its  greatest  width  is  6  miles.  The  basin's 
width  at  Soranton  is  5  miles. 

The  topography  and  geology  of  this  field,  in  their  relationship  to 
its  economical  mining,  are  marked  in  a  greater  degree  than  that  of 
any  of  the  other  Pennsylvania  fields.  Like  the  others,  the  North- 
ern basin  is  surrounded  by  a  double  frame  of  mountain-ridges. 
These  ridges  are  made  by  the  Pottsville  conglomerate,  No.  XII., 
and  the  Poeono  sandstone.  No.  X.  These,  which,  with  their  corre- 
sponding valleys  in  the  ^lauch  Chunk  red  shale.  No.  XI.,  are  so 
conspicuously  marked  along  the  south  and  middle  coal-field  basins, 
are  equally  well-marked  along  the  western  end  of  the  Northern 
coal-field.  Going  east,  however,  on  the  north  side  of  the  basin,  as 
we  approach  the  Susquehanna  gap  at  Pittston,  the  Mauch  Chunk 
red  shale  gradually  thins,  until  at  that  point  the  red  shale  beds  are 
lost,  and,  instead  of  making  their  usual  deep,  narrow  valley,  merely 
form  a  terrace  on  the  southern  side  of  the  Poeono  ridge.  This  same 
thinning  of  the  red  shale  toward  the  east  occurs  on  the  Southside 
mountains,  and  east  of  Spring  Brook  produces  a  similar  effect  in  the 
basin's  northern  slope. 

The  red  shale  near  the  western  end  of  the  basin,  between  Nanti- 
coke  and  Shickshinny,  shows  an  exposed  thickness  of  600  feet  in 
the  Shickshinny  mountain  south  of  the  river. 

The  Northern  coal-field  "consists  of  a  single  curved,  crescent- 
shaped  basin  with  its  concave  side  facing  northwest."  The  Poeono 
mountains,  which  surround  it,  unite  at  either  end  of  the  basin.  The 
general  course  of  the  western  end  of  the  basin  is  S.  65°  W.,  while 
its  northeastern  end  bears  N.  28°  E. 

The  entire  drainage  of  the  coal-field  is  into  the  north  branch  of 
the  Susquehanna  river.  This  river  enters  the  coal-measures  at  Pitts- 
ton,  Luzerne  county,  where  it  breaks  through  the  Lackawannock 
mountains  from  the  north,  flows  east,  through  the  broad  flat  plains 
which  have  given  the  Wyoming  valley  its  name,  to  Nanticoke,  again 
breaks  north  through  the  same  mountain,  flows  west  in  the  Mauch 
Chunk  red  shale  along  the  north  border  of  the  coal-field  to  Shick- 
shinny, where  it  turns  abruptly  south,  in  a  course  at  right  angles  to 
the  axis  of  the  basin,  and  cuts  its  way  through  the  coal-measures 
deep  into  the  underlying  red  shale.  Its  principal  tributary  is  the 
Lackawanna  river,  which  rises  in  the  high  lands  of  Susquehanna 


702     GEOLOGY  AND  MINING  IN  NORTHERN  COAL-FIELD  OF  PENNA. 

county,  and  is  the  outlet  for  all  the  mountain  streams  which  find 
their  way  into  the  valley.  These  streams,  together  with  the  action 
of  the  glacier,  have  brought  heavy  deposits  of  drift  into  the  valley, 
and  have  had  a  material  effect  in  shaping  its  topography  and  placing 
obstructions  in  the  way  of  successful  mining.  The  secondary  ridges 
of  the  basin  are  generally  low  with  gently  sloping  sides.  There  are 
exceptions  to  this  in  the  southwestern  end  of  the  basin,  where,  in 
Conynghara  township,  Luzerne  county,  the  hills  rise  in  abrupt  cliffs 
with  irregular  broken  faces,  and  along  the  Lackawanna,  where  the 
drift-deposits  have  made  prominent  hills  and  well-marked  terraces. 
On  one  of  these  latter  the  city  of  Scranton  is  built. 

About  two  miles  southwest  of  the  town  of  Nanticoke  is  the  only 
important  watershed  within  the  limits  of  the  valley.  On  its  north- 
eastern side  the  drainage  is  through  the  Newport  creek  into  the 
Susquehanna  at  Nanticoke,  while  its  southwestern  side  is  drained  by 
the  tributaries  of  Black  creek,  which  enters  the  Susquehanna  just 
below  the  town  of  Mocanaqua. 

The  most  marked  topographical  features  in  the  Northern  coal-field 
are  the  river-flats  between  Pittston  and  Nanticoke  and  the  gaps  at 
Pittston,  Nanticoke,  and  Shickshinny. 

The  coal-measures  of  the  basin  consist,  in  addition  to  the  coal- 
beds,  of  shales,  slates,  sandstones,  and  conglomerates.  The  Pottsville 
conglomerate.  No.  XII.,  upon  which  rest  all  the  coal-bearing  rocks 
of  the  valley,  varies  somewhat  in  thickness.  Its  minimum  develop- 
ment is  100  feet,  while  its  maximum  thickness  is  about  300  feet. 
The  "A"  bed,  the  probable  representative  of  the  Lykens  Valley 
bed,  which  in  the  Pottsville  conglomerate  has  been  so  profitably 
mined  in  Schuylkill  and  Dauphin  counties,*  is  here  rarely  found. 

At  no  point  is  it  of  sufficient  thickness  or  purity  to  work.  It  is  not 
considered  of  the  slightest  commercial  importance  by  the  engineers 
and  geologists  of  the  region.  It  reaches  its  best  known  development 
on  the  south  side  of  the  Salem  basin,  west  of  Shickshinny,  where  it  is 
2  J  feet  thick.  It  is  seen  (greatly  reduced)  along  the  banks  of  Laurel 
run  and  Mill  creek  in  Luzerne  county,  along  the  cuttings  of  the 
Pennsylvania  Coal  Company's  gravity-railroad  bed  between  Spring 
Brook  and  Roaring  Brook,  and  at  other  points  of  the  field  in  Lacka- 
wanna county.     There  are  many  places  favorable  to  its  appearance 

*  This  coal  is  in  great  demand  by  the  New  England  trade,  and  commands  the 
highest  price  among  Pennsylvania  anthracites.  The  product  of  the  Lykens  Valley 
district  in  1885  was  1,219,030  tons. 
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•whore  it  is  not  seen.  The  points  of  ontcrop  mentioned  arc  widely 
scatterei^l,  and  at  no  point  develop  coal  of  any  value. 

The  next  bed  above  the  "A"  bed,  which  is  called  the  "B,"  Buck 
Mountain  or  Red  Ash,  and  has  a  variety  of  other  local  names,  is 
important  as  the  lowest  workable  coal-bed. 

The  coal-beds  in  different  parts  of  the  valley  are  known  by  local 
names.  Splits  of  the  same  bed  are  known  by  names  in  no  wise 
suggestive  of  their  relationship.  Any  absolute  identification  of  the 
beds  from  one  end  of  the  basin  to  the  other  is  at  present  impracti- 
cable. The  local  naming  has  originated  from  a  variety  of  causes. 
Many  names  have  been  established  to  give  proper  credit  and  fame 
to  the  earliest  miners,  while  others  have  been  given  simply  for  the 
selfish  reasons  of  trade.  The  interests  of  the  valley  have  been  so 
divei'sified,  and  the  management  of  separate  collieries  has  been  so 
distinct,  that  the  nomenclature  of  the  beds  has  been  devoid  of 
system . 

There  are  many  anticlinal  and  synclinal  folds  which  break  the 
continuity  of  the  dips  of  the  main  basin,  while  along  its  strike  the 
coal-measures  thicken  and  thin,  increasing  and  decreasing  the  number 
of  coal-beds  as  the  rocks  beneath  them,  rising  and  falling,  lift  or 
lower  them  beneath  the  surface.  The  supposed  deepest  portion  of 
the  basin  is  near  the  Askam  post-office,  about  three  miles  east  of 
Xanticoke.  Here  the  probable  depth  of  the  coal-measures  is  2300 
to  2400  feet.  The  shallowest  part  of  the  basin  along  its  axial  line 
is  near  the  little  village  of  Duryea,  2J  miles  east  of  Pittston.  The 
bottom  bed  alone  is  found  here,  the  others  having  risen  to  day  in  the 
gradual  elevation  of  the  bottom  of  the  basin  from  the  deeper  por- 
tions east  and  west  of  this  point. 

At  Wilkesbarre  and  Scranton,  around  which  are  clustered  many 
of  the  largest  producing  collieries  of  the  field,  the  number  of  work- 
able coal-beds  is  about  the  same,  ten  being  the  maximum  number 
in  each  locality.  Of  these  but  four  are  generally  worked.  At 
"NVilkesbarre  the  Hillman,  Baltimore,  Ross,  and  Red  Ash  beds 
largely  furnish  the  coal  which  is  sent  to  market,  while  the  Diamond, 
Big,  Rock,  and  Clark  supply  the  demands  of  the  trade  for  the  Scran- 
ton coals. 

In  a  general  sense,  the  Carboniferous  geology  of  this  coal-field 
differs  little  from  that  of  its  neighbors,  but  individually  it  has  within 
its  Ijorders  much  of  interest  in  connection  with  later  geological  times. 
The  buried  valleys  of  Wyoming  and  Newport  creek,  the  Archbald 
pot-holes,  the  Scranton  peat-bogs  (in  which  is  found  a  new  mineral 
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resembling  dopplerite),  the  glacial  ridges  and  terraces  which  are 
seen  throughout  the  valley,  and  the  strice  recording  the  glacier's 
course,  as  seen  on  the  exposed  rocks,  have  all  been  described  in  the 
reports  of  the  Geological  Survey,  and  in  papers  read  before  this  and 
other  scientific  societies.  Some  of  these  phenomena  are  beginning 
to  play  a  prominent  part  in  the  mining  development  of  the  region. 
Loss  of  life  and  property  have  already  emphasized  the  danger  of 
their  occurrence,  in  no  instance  more  terribly  than  in  the  Nanticoke 
disaster  of  a  year  ago. 

There  is  a  notable  geological  horizon  at  the  mouth  of  Mill  creek, 
where  it  empties  into  the  Susquehanna,  near  the  eastern  line  of  the 
City  of  Wilkesbarre,  namely,  that  of  a  clearly  defined  limestone-bed. 
These  limestone-beds,  the  occurrence  of  which  in  the  bituminous 
coal-measures  of  the  State  is  very  frequent,  are  of  rare  occurrence  in 
the  anthracite  region.  The  only  clearly  defined  and  seemingly  per- 
sistent bed  of  this  character  in  the  entire  anthracite  region,  is  that 
exposed  along  the  banks  of  Mill  creek.  From  this  horizou  an  in- 
teresting collection  of  fossil  shells  has  been  made  by  the  Wyoming 
Historical  and  Geological  Society,  and  their  species  determined  by 
Prof  Angelo  Heilprin.  They  have  long  been  thought  by  many  to 
belong  to  the  Permian  formation.  This  idea  is  dispelled  by  strati- 
graphical  evidence;  and  Prof  Heilprin  has  added  palteontological 
proof  of  their  belonging  to  the  Carboniferous  formation. 

While  the  Northern  coal-field,  with  its  low,  regular  dips  almost 
unbroken  over  very  extended  areas,  has  advantages  for  successful 
mining  which  are  not  found  in  any  of  the  other  anthracite  fields, 
it  will  be  seen  that  it  has  also  obstacles  hard  to  overcome,  and 
dangers  menacing  life  and  property  which  are  not  met  with  in  the 
other  regions.  In  no  other  basin  do  the  waters  of  a  laige  river, 
like  the  Susquehanna  between  Pittston  and  Nanticoke,  flow  over  the 
anthracite  coal-measures.  Several  collieries  have  already  extended 
their  workings  under  the  river  and  others  are  rapidly  nearing  its 
banks.  A  mile  and  a  half  above  Wilkesbarre,  the  workings  in 
the  Baltimore  bed  of  the  Prospect  colliery  cross  the  river  on  the  axis 
of  an  anticlinal  at  the  elevation  of  150  feet  above  tide,  or  about  375 
feet  below  the  river.  At  the  Lance  colliery  in  the  town  of  Plymouth, 
the  Lance  bed  workings  extend  under  the  river  at  an  elevation  of 
365  feet  above  tide,  leaving  but  155  feet  between  them  and  the  sur- 
face of  the  river. 

The  necessity  of  great  care  not  only  in  the  matter  of  actual  contact 
with  the  river  but  in  that  of  proper  consideration  as  to  the  amount 
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of  pillars  necessary  to  support  unbroken  rock  forming  the  river-bed, 
will  be  readily  appreciated.  Tins  is  a  matter  of  vital  importance, 
not  only  to  each  individual  colliery  but  to  many  collectively.  In 
many  cases,  in  fact  in  almost  every  case,  the  collieries  along  the 
river  are  connected  underground,  and  the  flooding  of  one  means 
the  flooding  of  all.  Aside  from  the  broken  condition  of  the  rock, 
from  mining  in  the  underlying  coal-beds,  there  is  a  possibility  of 
the  occurrence  of  natural  fissures  under  the  river-bed.  Should  cir- 
cumstances similar  to  those  of  the  accident  at  Nanticoke,  December 
18th,  1885,  where  the  mine-workings  came  in  contact  with  a  pot- 
hole of  great  depth,  have  the  additional  complication  of  an  overly- 
ing river-bed,  irreparable  loss  would  be  the  result. 

The  immense  deposits  of  drift  in  different  parts  of  the  field,  more 
especiallv  those  on  the  broad  plain  between  Pittston  and  Nanticoke, 
render  the  sinking  of  shafts  for  the  development  of  coal  under 
them  almost  impracticable.  Much  of  the  coal  underlying  this  plain 
will  be  worked  from  shafts  sunk  on  the  south  side  of  the  river, 
where  the  rock-outcrops  are  at  various  points  above  the  river-level. 
Much  of  it,  on  the  other  hand,  will  be  mined  from  shafts  sunk  along 
the  northern  edge  of  the  plain,  at  the  base  of  the  foot-hills  which 
form  its  northern  boundary.  While  this  method  of  working  is 
practicable  in  many  cases,  there  are  many  others  in  which  the 
property  of  the  operating  companies  is  so  held  that  developments 
cannot  be  made  of  their  own  ground  in  this  manner,  without  en- 
croaching upon  that  of  their  neighbors.  In  addition  to  these  drift- 
areas  along  the  Susquehanna  are  those  which  have  been  deposited 
along  the  Lackawanna  and  many  of  the  larger  creeks  which  are 
tributary  to  each  of  these  rivers.  Shafts  have  already  been  success- 
fully sunk  through  the  wash-deposits  along  the  Susquehanna,  as 
well  as  those  of  tributary  streams.  Their  accomplishment  has  been 
a  triumph  of  engineering  skill  combined  with  untiring  care  and 
energy.  A  record  of  their  sinking  would  show  a  hard-fought  victory 
of  technical  skill  over  nature's  opposing  forces. 

But  the  danger  of  a  simple  drift-deposit  resting  on  the  bed-rock 
of  the  valley  is  further  complicated  by  the  presence  of  the  Wyoming 
buried  valley  underlying  this  plain-area  in  some  places  200  feet 
deep — a  covered  sand-filled  hole,  probably  14  miles  long,  of  un- 
known depth  and  width,  cutting  through  the  coal-beds  and  their 
interstratified  rocks.  While  many  bore-holes  have  been  sunk  and 
much  money  has  been  spent  in  efforts  to  discover  the  de[)th  and 
to  find  the  limits  of  this  hidden  danger,  there  is  still  much  to  be 
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learned.  Even  with  the  most  careful  system  of  mining,  with  a 
thorough  realization  of  the  danger,  and  an  active  effort  to  anticipate 
its  presence  as  it  is  approached,  there  still  remains  the  possibility  of 
accidents  which  will  cause  death  and  destruction  of  property. 

Aside  from  the  dangers  from  water  and  drift  is  that  from  the  im- 
mense outpour  of  carburetted  hydrogen  gas  in  many  of  the  collieries 
throughout  the  field.  While  no  actual  measurements  have  been  taken, 
I  believe,  from  the  evidence  of  men  whose  knowledge  of  mine-gases  is 
the  result  of  years  of  observation  and  experience,  that  there  is  no 
other  place  in  America,  possibly  none  in  the  world,  where  coal-gas  is 
found  in  such  quantities  as  in  the  collieries  in  the  immediate  vicinity 
of  Wilkesbarre.  On  the  flats  between  Wilkesbarre  and  Kingston, 
there  are  feeders  of  gas  draining  through  the  surface  of  the  ground, 
which  when  lighted  burn  for  days  at  a  time.  At  the  Stanton  shaft, 
for  fifteen  years,  a  pipe  has  been  connected  with  the  abandoned 
workings  of  a  coal-bed  and  from  these  workings  a  supply  of  gas  has 
been  given  forth  which  still  illumines  all  the  buildings  of  the  colliery 
plant,  and  the  waste  from  which,  burned  at  the  top  of  a  long  exhaust- 
pipe,  can  be  seen  at  night  for  many  miles. 

There  are  now  seven  distinct  railroad-systems  drawing  coal  and 
merchandise  from  the  Nortliern  field.  Of  these  but  two  have  roads 
the  grade  of  which  is  not  adverse  to  trade.  These  two  are  the  North 
and  West  Branch  of  the  Pennsylvania  R.R.,and  the  Lackawanna  and 
Bloomsburg  Division  of  the  Delaware,  Lackawanna  and  Western 
R.R.  The  rest  climb  over  mountains  to  reach  the  desired  coal-area. 
Notwithstanding  these  obstructions,  and  the  additional  disadvantage 
of  its  great  distance  from  tide-water,  the  local  advantages  Avhich  the 
northern  field  possesses  for  an  extensive  and  economical  production 
have  placed  it  far  in  the  lead  of  its  competitors. 

Tlie  following  table  may  serve  to  impress  the  magnitude  of  the 
coal-business  of  the  field  on  the  mind  of  the  reader.  But  it  does 
not  convey  to  the  mind  the  present  extent  or  future  growth  of  the 
many  industries  which  are  built  upon  and  sustained  directly  and  in- 
directly by  our  coal  alone.  Without  this  foundation  their  existence 
would  be  impossible. 

Statistics  of  Mining  in  Northern  Coal-Field  of  Pennsylvania,  1885. 

{Compiled  from  Reports  of  State  Mine  Inspectors.) 

Number  of  colliery  plants, 159 

"        tons  of  coal  produced, 17,215,066 

"        men  employed  (inside), 33,748 

"         (outside) 15,857 

"            "           "         (total), 49,005 
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Number  of  men  killetl 1-19 

"    injiireti, 393 

"        mules  and  horses  employed, 5,410 

"        boilers  iu  use, '2,190 

"        kegs  of  powder  used,      4 530,326 

Discussion. 

C.  A.  ASHBURSER,  Pittsburgh,  Pa. :  AYith  regard  to  wliat  INIr. 
Hill  has  said  concerning  the  glacial  drift  and  the  pot-holes  found  in 
the  Xorthern  field,  I  may  refer  to  my  paper  on  the  Nanticoke  dis- 
aster, read  at  the  Bethlehem  meeting  in  May  last.  As  is  there  ex- 
plained, the  depression  which  occasioned  that  catastrophe  was  on  the 
slope  of  a  hill,  where  there  was  no  reason  to  suspect  its  existence  ;  and 
hence  it  had  not  been  discovered  by  any  one  of  the  '^00  bore-holes 
put  down  by  the  Susquehanna  Coal  Co.,  with  laudable  prudence,  in 
localities  where  such  a  danger  was  recognized  as  possible.  It  was, 
indeed,  properly  speaking,  not  a  pot-hole  at  all,  but  the  result  of 
excavations  wrought  by  a  whirlpool  in  the  ancient  valley  of  New- 
port creek. 

The  mystery  of  the  drainage  of  this  ancient  and  now  buried 
valley-system,  southwest  toward  Harrisburg,  is  still  unsolved. 

The  work  of  the  Pennsylvania  Geological  Survey  points  to  an 
original  connection  immediately  subsequent  to  the  Appalachian  up- 
lift, between  the  Northern  anthracite  coal-field  and  the  Broad  Top 
field.  The  subsequent  erosion  of  the  region  of  Central  Pennsyl- 
vania has  remove<l  all  the  coal  between  the  two  fields.  This  impor- 
tant deduction  is  of  value  in  checking  useless  explorations  for  coal. 

Dr.  Persifor  Frazer,  Philadelphia,  Pa.,  said  it  was  but  just 
to  call  attention  to  the  fact  that  the  good  work  done  by  the  Geo- 
logical Survey  in  the  Northern  field  was  largely  based  on  the  ad- 
mirable topographical  map  of  the  region,  made  many  years  ago  by 
R.  P.  Rothwell. 


MINIXG  DEVELOP MEXTS  OX  THE  XORTEWESTERX 
PACIFIC  COAST,  AXV  THEIR  WIDER  BEARIXO. 

BY   AMOS  BOWMAN,    CANADA  GEOLOGICAL  SURVEY,  OTTAWA,  CANADA. 
(Scranton  Meeting,  February,  1887.) 

In  the  last  two  years  I  have  had  an  opportunity  to  study  the 
conditions  of  gold-mining  in  the  far  northwest  of  the  Pacific  coast 
— in  Cariboo  district,  British  Columbia.    That  country  joins  Alaska 
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in  lut.  55°;  and  Cariboo  district,  in  lat.  53°  to  54°,  is  three  hun- 
dred miles  north  of  the  forty-ninth  parallel.  Having  previously 
studied  the  auriferous  deep  gravels  of  California  in  lat.  38°  (in  con- 
nection with  the  California  Geological  Survey,  in  ] 870-71),  I  am 
able  to  contribute  a  few  facts,  and  comparisons  having  a  wider  and 
more  general  bearing.  My  last  work  in  Cariboo  district  is  in  con- 
tinuation of  explorations,  geographical  and  geological,  performed  in 
1876  and  in  1882-3-4,  for  the  Geological  Survey  of  Canada,  during 
which  I  have  seen  a  large  part  of  the  Cordilleran  plateau  between 
the  49th  and  54th  parallels  of  latitude.  The  recent  work  in  Cariboo 
was  contributed  to  jointly  by  the  Dominion  and  the  Provincial 
Government  of  British  Columbia,  and  carried  out  under  the  direc- 
tion of  Dr.  Selwyn. 

Before  entering  the  gold  region  of  the  plateau  proper,  in  British 
Columbia,  I  wish  to  say  a  few  words  in  regard  to  coal  and  iron — 
the  majority  of  our  members,  perhaps,  being  coal  and  iron  men, 
connected  with  large  enterprises  in  those  lines,  and  naturally  more 
interested  in  them.  We  have  ocular  proof  in  Scranton  that  coal 
and  iron  are  elements  which  bring  about  solid  and  permanent  de- 
velopments. This  well-built  brick  and  stone  city,  with  its  popula- 
tion of  80,000  souls,  has  grown,  we  are  told,  in  twenty-five  years 
out  of  the  underlying  coal  and  adjacent  iron.  Unlimited  industries, 
and  the  wealth  and  power  of  states,  can  grow  out  of  coal  and  iron. 
We  of  the  West  are  willing  to  admit  that  coal  and  iron,  as  collateral 
branches  of  the  mining  industry,  are  quite  legitimate. 

But  we  claim  that  the  distribution  and  the  mining  of  the  precious 
metals  are  important  and  significant  in  a  wider  sense.  This  industry 
has  determined  for  the  United  States,  and  for  Canada  as  well,  the 
lines  of  immigration  and  national  development.  It  wrought,  in  a 
period  of  twenty  or  thirty  years,  the  permanent  conquest  by  the 
Anglo-Teutonic  races  of  the  entire  north  Pacific  coast,  along  with 
the  dominion  of  the  Pacific  ocean.  It  lifted  Australia  from  the 
condition  of  an  antipodean  colony  and  made  it  an  empire.  It  is 
doing  the  same  work  in  temperate  South  Africa.  It  may  do  a 
similar  work  in  temperate  South  America.  Mining  of  the  precious 
metals  accomplishes  in  the  briefest  space  of  history  that  which  leaves 
its  permanent  mark  on  the  course  of  events  for  a  thousand  years.  It 
has  built  our  transcontinental  railways,  and  it  is  precious-metal 
mining  that  will  make  the  Canadian  Pacific  Railway  and  its  pro- 
jected branches  a  profitable  investment. 
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CoAi.  AND  Iron. 

The  Pacific  coast  in  general,  and  the  northwest  coast  in  particular, 
is  not  lacking  either  in  quantity,  quality,  or  general  abundance  of 
coal  and  iron.  It  is  true  that  our  Carboniferous  rocks  were  not  de- 
positee! under  coal-making  conditions,  and  that  IMonte  Diablo  has 
yielded  only  an  inferior  coal.  From  these  facts,  with  limited  knowl- 
edge, the  impi-ession  has  gone  forth  that  among  the  recently  extinct 
and  still  active  volcanoes  of  the  western  coast  there  can  be  no  coal 
found  worth  mentioning.  I  do  not  consider  tiiat  I  am  making  any 
extravagant  statement  when  I  say  that  in  British  Columbia  and  on 
Puget  Sound,  in  adjacent  United  States  territory,  we  have  a  repeti- 
tion of  Pennsylvania,  in  our  deposits  of  coal  and  iron. 

Some  mining  engineei'S  have  called  the  coals  "  lignites,"  because 
thev  are  not  carboniferous  coals ;  but  they  are  genuine  bituminous 
coals,  and  of  first-rate  quality. 

We  have  coking  coals,  too  ;  veins  that  make  different  qualities  of 
coke.  A  coking  coal  has  been  mined  for  twenty  years  at  Nanaimo, 
Vancouver's  Island,  and  largely  used  for  making  gas  in  San  Fran- 
cisco and  Portland.  The  coke  from  the  retorts  is  well  known  in 
San  Francisco.  Coking  coal  exists  on  the  Puyallup,  and  on  Skagit 
river,  in  Washington  Territory,  and  probably  in  many  other  places. 
AVhen  coking  coal  shall  be  wanted  in  that  country  for  smelting  iron 
or  reducing  the  precious  metals,  it  will  be  forthcoming.  The  condi- 
tions of  the  country  have  not  called  for  it,  nor  for  a  knowledge  of  it. 
The  railways  have  only  recently  reached  that  far  north  and  west.* 

Anthracite  and  semi-anthracite  have  been  reported  from  many 
different  localities.  I  have  seen  specimens  from  Nisqually  River, 
Washington  Territory,  and  Queen  Charlotte  Island,  British  Colum- 
bia, and  coals  ranging  from  anthracite  to  semi-anthracite  from  half 
a  dozen  other  localities.  Bow  River  on  the  eastern  flank  of  the 
Rocky  Mountain  range,  yields  a  good  anthracite. 

In  1874  I  was  commissioned  by  the  officers  of  the  Central  Pacific 
Railway  Company,  in  California,  to  investigate  the  coal  deposits 
adjacent  to  their  lines  in  that  State,  and  I  was  much  impressed  by 
two  leading  facts  which  were  developed.  The  first  appeared  in 
analyses  of  the  Pacific  Coast  coals  in  comparison  with  eastern  coals. 
These   analyses,  which  I  tabulated    on  what  I  thought    a    large 

*  Some  coke  recently  obtained  from  the  inner  and  older  veins,  lying  nearest  to 
the  Cascade  mountain?,  has  a  firmness  and  hardness  equal  to  that  of  Connellsville. 
My  authority  for  this  is  Mr.  Williamson,  of  Seattle — an  old  and  experienced  foun- 
dryman,  who  has  for  many  years  used  Connellsville  coke,  for  smelting  iron. 
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enough  scale,  in  the  number  of  localities  represented,  to  establish 
the  point,  showed  that  the  diiFerence  between  what  were  commonly 
called  "  lignites  "  and  the  bituminous  coals  and  anthracites,  of  the 
West  and  East,  resolved  itself  simply  into  the  varying  quantities  of 
hydrogen  which  had  entered  into  combination,  owing  to  surround- 
ing circumstances;  and  that  it  had  very  little  to  do  with  the  age  of 
the  formation.  Consequently,  the  application  of  the  term  "lignite" 
generally  to  western  coals  was  a  misnomer.  We  have  also,  how- 
ever, the  technical  lignites,  including  the  regular  Bohemian  brown 
coal.  The  second  point  noted  was  the  very  wide  distribution  of  the 
lignites  and  coals  of  the  Tertiary  and  Cretaceous  formations  in  that 
State,  wherever  these  formations  extended ;  from  which  I  drew  the 
conclusion  that  by  no  means  enough  was  known  from  actual  devel- 
opment, at  that  time,  regarding  the  presence  of  workable  coal-veins 
in  California  to  justify  any  sweeping  condemnation  of  the  whole  as 
insignificant  in  quantity  and  inferior  in  quality.  In  this  I  differed 
from  the  opinions  of  others  expressed,  and  current  at  the  time. 

T  had  seen  enough  to  satisfy  me  that  the  conditions  favorable  to 
coal-making  existed  in  localities  wide  apart,  and  at  two  different 
horizons,  in  the  Tertiary  and  Cretaceous  periods ;  for  instance,  at 
Monte  Diablo  and  on  Pitt  River,  in  Shasta  County,  in  rocks  of  the 
upper  Cretaceous,  and  at  lone  and  Lincoln  in  middle  Tertiary. 
Indeed,  putting  that  together  with  subsequent  developments,  and 
with  what  I  have  myself  seen,  up  and  down  the  coast,  and  in  locali- 
ties all  over  the  plateau  of  the  cordillera  in  the  latitudes  mentioned, 
I  cannot  better  describe  the  fact  than  by  saying:  the  process  of  coal- 
making  in  one  or  the  other  of  these  periods  although  in  discon- 
nected basins,  was  almost  universal.  Along  both  shores  of  the 
inland  sea  connecting  with  the  North  Pacific  Ocean  at  Fuca  and 
Johnston  Straits,  lies  the  coal-basin  of  the  northwest  coast  already 
mentioned,  in  extent  more  than  twice  the  width  of  the  State  of 
Pennsylvania — in  the  number  and  size  of  its  veins  the  equal  of  any- 
thing I  know  of  in  the  world.  Iron  is  smelted  in  Oregon,  Wash- 
ington Territory,  and  in  California;  and  many  heavy  iron  deposits 
are  known,  but  are  of  little  present  value,  for  the  same  reason  as  that 
which  delays  the  development  of  our  coking  coal- veins. 

The  Cordilleran  Plateau. 

Without  entering  into  further  details  on  this  subject,  however 
interesting,  I  will,  before   passing  from  the  coals  to  the  precious 
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metals  of  the  Pacific  coast,  briefly  define  and  describe  the  })hiteaii 
of  the  ivrdillera,  to  which  1  have  several  times  referred.  Its  })hysical 
characteristics  and  its  geological  history  are  as  important  in  con- 
nection with  the  coal-forming  conditions  of  the  two  periods  men- 
tiontxl,  as  they  are  in  the  nnderstanding  of  our  precious-metal  zone. 

It  was  in  1858,  beginning  with  the  "  Frazer  River  excitement," 
that  the  gold-hunting  army  of  explorers  began  to  turn  backward 
from  California  to  the  eastward  and  northward,  and  so  commenced 
the  closer  investigation  of  the  cordilleran  region.  Very  nearly 
simultaneously,  between  1858  and  1861,  or  in  general  terms  about 
ten  yeai-s  after  the  fii-st  movement  to  California,  the  solitudes  of 
Puget  Sound,  of  the  Fraser  River  cafions,  of  the  eastern  Sierra 
Nevada,  of  the  Blue  Mountains  in  Oregon,  of  Cariboo,  and  of  the 
Rocky  Mountains  in  general,  from  north  to  south,  were  broken  by 
exploring  or  revisiting  bands  of  prospecters.  It  was  in  18G1  that 
I  joined  this  exploring  army.  I  found  out  gradually  that  the  moun- 
tainous region  in  question  was  neither  a  great  basin,  nor  an  irregular 
mass  of  mountains,  but  one  great  double  range  of  broken  chains, 
having  a  wide  and  general-level  plateau  between  them,  like  two 
flanges  on  a  wheel  ;  that  the  plateau  was  characteristic,  and  an  essen- 
tial part  of  the  whole ;  and  that  it  extended  persistently  with  its 
accompaniments,  and,  as  it  seemed,  indefinitely  to  the  northward 
and  southward. 

As  a  whole,  this  great  physical  feature  of  the  continent  which  has 
proved  of  so  much  importance  to  the  precious-metal  miner,  appeared 
to  be  unrecognized;  at  least,  it  had  no  name  until  1873,  when  I 
ventured,  in  a  paper  published  in  California,  to  call  it  (following 
recognized  principles  of  nomenclature)  the  plateau  of  the  cordillera, 
or  briefly  the  cordilleran  plateau.  The  term  was  precisely  descriptive, 
and  it  has  entered,  I  may  observe,  into  some  of  the  standard  works 
on  physical  geography. 

You  will  find  in  examining  it  on  a  globe  that  it  extends  not  only 
from  the  southern  end  of  South  America  to  the  northwestern  end 
of  Alaska,  but  that  it  continues  in  a  direct  line  (scarcely  recognizable 
on  the  map,  on  account  of  the  difficulties  of  projection)  across  the 
Asiatic  continent  by  way  of  the  Yablonai,  Altai,  and  western  Thi- 
betan ranges.  Continuing  in  the  same  line,  we  find  the  plateaus  of 
Persia  and  Arabia,  and  then  the  mountains  of  Abyssinia  extending 
along  the  northeastern  coast  of  Africa  down  to  the  Cape  of  Good 
Hope,  forming  the  sea-margin  of  the  African  continental  plateau. 
Branching  or  correlative  plateau-ranges  extend  across  Africa  to  the 
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mountains  of  the  Guinea  coast;  and  across  Europe  by  way  of  the 
Caucasus  and  the  Alps  to  Spain;  but  keeping  our  main  feature  in 
view,  we  have  little  difficulty  in  recognizing  it  as  one  and  the  same 
orographic  feature,  which,  having  made  America  long,  makes  the 
Old  World  broad.  I  hope  I  am  not  travelling  too  far  afield,  in 
attempting  to  describe  the  principal  characteristics  of  the  cordillera, 
but  so  far,  I  think,  we  have  solid  footing,  viz.,  that  wherever  seen 
in  the  direct  line  of  continuation,  this  most  remarkable  feature  of 
all  the  mountain  ranges  in  the  world,  is  marked  by  its  characteristic 
intermediate  plateau ;  and  by  this  token  we  may  know  it.  Not  the 
least  noteworthy  feature  of  the  chain  of  plateaus  I  have  been  de- 
scribing, is  the  fact  that  it  divides  that  hemisphere  which  is  nearly 
all  land,  from  the  other  hemisphere  which  is  nearly  all  water.* 

It  is  quite  beyond  my  range  to  speculate  concerning  the  causes  of 
this  feature,  but  it  is  not  irrelevant  (having  found  it  so  far-reaching), 
to  ask  the  question,  whether  or  not  the  causes  were  cosmical  ? — an 
inquiry  involving  glacial  theories  not  entirely  disconnected  from 
problems  of  placer-mining. 

Having  looked  at  the  plateau  chain  at  large,  we  are  prepared  to 
consider  what  it  is  in  detail,  and  in  what  respects  .this  knowledge 
concerns  the  miner. 

In  alluding  to  the  coal,  I  did  not  mention  in  so  many  words  that 
the  coal-forming  conditions  which  existed  from  middle  Cretaceous 
to  middle  Tertiary  time,  extended  along  the  Pacific  coast  for  thou- 
sands of  miles  upon  the  flanks  of  this  line  of  plateaus.  Its  accom- 
panying shore-sediments  enter  fiords  of  the  Cretaceous  period  now 
far  inland  ;  formerly  at  sea-level,  now  presenting  cliifs  of  pebble 
conglomerate  six  thousand  feet  above  it,  and  along  the  eastern  as 
well  as  the  western  flanks;  while  those  of  the  Tertiary  period,  inde- 
pendently of  the  Cretaceous,  lie  in  the  positions  of  lake-basins  cover- 
ing scatteringly  almost  the  entire  plateau  of  the  cordillera,  at  least 
in  the  north. 

Rising  of  the  Plateau. — A  remarkable  thing  happened  about  the 
time  our  first  Pacific  coast  coal  was  forming.  It  was  nothing  less  than 
the  first  rising  upward  of  this  plateau  of  the  cordillera.  Its  geo- 
logical history,  however  simple,  has  grown  upon  us  very  slowly. 
Geologists  had  to  investigate  it  piecemeal,  before  they  could  put 
their  observations  together.     And  so  it  is  all  along  the  line. 


*  Taking  the  cordilleran  axis  for  our  guide,  tlie  dividing  line  passes  at  its  greatest 
northing  near  Behring  Straits,  within  23  degrees  of  the  pole. 
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Gold-Bearing  Rocks. 

The  ixolil-region  of  Cariboo,  one  of  the  eavHost  notable  plaoer- 
fields  discoveretl,  and  one  of  the  most  ])rofitably  worked  after  Cali- 
fornia, possesses  many  characteristics  in  common  with  California 
and  Colorado,  a  few  of  which  I  will  mention.  Though  it  was  the 
placer-deposits  which  first  attracted  attention,  they  were  due  to 
underlying:  quartz  veins  and  to  the  country-rock,  which  was  slate. 
The  miners  of  1858-61  scoured  the  plateau  for  "slate  countries  ;" 
and  they  were  rather  fastidious  about  the  kind  of  slate;  it  must  be 
like  that  of  California.  I  have  frequently  found  the  miners  most 
excellent  geologists  within  the  limits  of  their  knowledge.  Now 
these  slates  containing  the  auriferous  deposits  were  deep-water  sedi- 
ments, antedating  the  coal,  and  experienced  squeezing,  and  then 
baking,  and  were  at  last  broken,  or  cracked  in  places,  while  the 
coal-making  was  still  goiiig  on.  In  Cariboo,  they  are  underlaid  by 
a  limestone  formation  of  Palieozoic  age,  containing  fossils,  and  are 
much  older  in  date  of  original  deposit  than  those  of  California, 
which  have  been  determined  by  its  State  geologist  to  be  Triassic. 
In  California,  however,  the  fossiliferous  rocks  were  very  limited  in 
area,  and  apparently  lying  in  narrow  belts,  which  may  have  been 
folded  along  with  some  non-fossiliferous  Carboniferous  or  older  rocks 
of  the  same  slaty  structure,  such  as  are  known  to  exist  on  the  flanks 
of  the  Sierra;  so  that  the  evidences  of  their  Palaeozoic  age,  in  part, 
may  yet  be  forthcoming. 

But  the  crumpling,  and  the  quartz-forming,  or  filling-in  process, 
was  simultaneous  with  that  in  California.  We  know  this  because 
we  have  found  in  Cariboo  Cretaceous  rocks  containing  fossils  of  the 
Shasta  group,  which  tells  the  story  of  the  uplift,  as  it  does  in  Cali- 
fornia. 

What  there  may  have  been  in  this  deep-water  sediment  and  its 
underlying  (deeper  water?)  limestone  deposits,  to  give  origin  to  a 
great  abundance  of  auriferous  pyrites,  with  accompanying  free  gold, 
would  be  hard  to  say.  But  we  get  a  little  light  when  we  study  it 
in  connection  with  other  things.  The  uplift  generated  older  volcanic 
outflows  of  Xeocoraian  age,  along  with  which  there  must  have  been 
a  great  deal  of  solfataric  action.  In  British  Columbia  the  older 
volcanic  traps  are  bedded,  and  cover  considerable  ai'eas,  while  in 
the  gold  region  of  California  I  have  seen  them  only  in  the  form  of 
dykes. 

Enrichment  and  its  Consequences. — Beside  the  solfataric  action, 
the  proximity  of  the  slates  to  crystalline  rocks — commonly  best  seen 
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in  the  flanges  of  the  plateau — and  time,  may  have  had  a  good  deal 
to  do  with  the  enrichment  of  the  slates.  Whatever  may  account  for 
their  enrichment,  beyond  the  causes  mentioned,  these  deep-water  sedi- 
ments lying  along  the  great  plateau-chain  in  America,  Asia,  and 
Africa,  constitute  a  study  in  physical  geology  as  well  as  in  gold  min- 
ing, worthy  of  the  attention  of  the  best  observers.  Since  the  condi- 
tions of  its  wealth  in  precious  metals  appear  to  be  similar  throughout 
the  statesman  is  no  less  interested,  for  where  the  precious  metals  are 
found  in  quantity,  judging  the  future  by  the  past,  there  the  prospector, 
the  capitalist  and  the  immigrant  will  some  day  congregate  in  mass. 

Northern  Conditions. — What  I  have  just  said,  having  a  general 
bearing,  leads  me  back  to  my  particular  field  of  Cariboo,  in  the  same 
connection.  Theories  have  been  constructed  to  account  for  a  sup- 
posed inferiority  of  mineral  wealth  along  the  plateau  in  northern 
latitudes.  Some  have  imagined  that  volcanic  action  was  lacking  in 
the  north,  or  that  when  we  get  far  enough  north,  the  colder  climatic 
conditions  might  have  hindered  the  favorable  chemical  action  under- 
ground. Others  have  simply  enunciated  the  theory,  as  based  upon 
fact,  that  the  moment  we  cross  the  boundary  line  into  Canada  the 
happy  things  of  nature  no  longer  happen. 

But  theories  are  unnecessary,  because  the  supposed  facts  are  not 
facts.  Cariboo  has  yielded  $30,000,000,  chiefly  from  a  few  miles  of 
placer-diggings  on  two  creeks,  Lightning  and  Williams  creeks. 
Omineca  and  Cassiar,  in  latitude  55°  to  57°,  have  told  their  story 
in  gold-dust ;  and  many  million  dollars  have  been  extracted  where 
the  working  season  is  only  two  months  in  the  year;  where  the 
auriferous  gravel  has  to  be  thawed  with  fires  out  of  an  ice  conglom- 
erate in  which  it  has  been  bedded  since  the  Glacial  period.  Little 
by  little  the  explorers  have  continued  following  the  plateau  north- 
ward, until  at  the  present  time  they  are  prospering  under  the  Arctic 
circle.  There  is  a  flourishing  placer-mining  camp  on  Stewart  River 
at  the  headwaters  of  the  Yukon. 

Placer  Deposits. 

I  have  cited  these  localities  in  evidence  of  mineral  wealth  in  the 
rock.  I  will  now  direct  attention  to  the  placer-deposits,  which  are 
as  much  more  interesting  to  us,  in  most  respects,  as  they  are  nearer 
to  us  in  time  of  formation. 

Three  circumstances  have  to  combine  favorably,  to  make  a  good 
placer-mining  region  :  first,  the  veins  must  carry  free  gold  along 
with  the  baser  metals;  secondly,  the  conditions  of  natural  concen- 
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tmtion  in  streams  must  have  operated  upon  them;  and  thirdly,  after 
such  operation,  the  product  must  be  accessible  to  the  miner.  Either 
of  the  last  two  conditions  wanting,  though  we  walked  over  untold 
millions,  we  could  not  realize  it  through  placer-mining.  In 
California  all  three  of  these  purely  geological  considerations  hap- 
}>ened  to  be  superb.  In  British  Columbia  they  are  not  exactly 
identical,  nor  are  they  the  same  in  different  parts. 

Phi/^ioc/raphiea!  Comparisons. — The  position  of  Cariboo  in  rela- 
tion to  the  cordilleran  aggregate  corresponds  with  the  higher  por- 
tion of  the  drainage-basins  of  the  Columbia,  the  Snake,  and  the 
Colorado  rivers,  within  the  western  flange,  while  California  is  out- 
side. In  the  raising  of  the  plateau  accordingly,  the  two  areas  were 
subjected  to  different  degrees  of  movement,  different  influences  in 
the  matter  of  successive  rest  and  re-elevation  or  depression,  and 
possibly  even  to  opposite  movements.  Certain  leading  facts,  how- 
ever, are  alike  in  both  regions.  The  streams  of  tiie  northern  plateau 
experienced  the  same  period  of  erosion  in  the  early  Tertiary,  as  those 
of  the  south,  including  California  outside  of  the  western  flange. 
Again,  the  Miocene  brown  coals  of  the  northern  plateau  found  the 
necessary  conditions  of  growth  and  deposit  at  the  close  of  the  erod- 
ing period  contemporaneously  with  the  brown  coals  of  lone  and  Lin- 
coln in  California.  Again,  in  the  Miocene  and  Pliocene  periods 
there  followed  a  silting-up  of  the  old  eroded  rivers  in  the  northern 
interior,  just  as  we  have  found  them  in  California.  And  lastly,  the 
Tertiary  was  concluded  by  volcanic  outflows  in  both  places. 

Silted  Channels — Tke  Cause. — The  most  important  feature  of  a 
placer-mining  region,  which  I  have  barely  hinted  at  as  among  the 
favorable  conditions,  is  this  filling  of  the  old  eroded  canons  as  a 
means  of  arresting  the  gold.  It  was  accomplished  pretty  much  at 
the  same  time,  and  in  the  same  way,  everywhere  along  the  great 
cordilleran   region,  so  far  as  I  have  had  the  opportunity  to  observe. 

The  silting-up  was  due  to  an  alteration  in  the  transporting  power 
of  running  water,  involving  a  different  combination  of  its  two  factors 
of  volume  and  grade.  Professor  Whitney  attributes  all  to  a  change 
in  volume,  and  Professor  Le  Conte  all  to  a  change  in  grade.  With- 
out discussing  the  amounts  of  depression  and  re-elevation  exjie- 
rienced  by  these  two  different  parts  of  the  cordilleran  region  during 
the  placer-filling,  and  the  present  eroding  period,  which  is  a  very 
interesting  one,  I  will  simply  bear  testimony  to  two  facts  bearing 
on  the  subject,  namely  : 

1.  At  the  outlets  of  the  auriferous  mountain  streams  of  Cariboo 
district,  we  see  them  debouching  upon  the  plains  of  the  interior 
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plateau,  and  underneath  the  surface  in  disconnected  basins,  a  Mio- 
cene brown  coal.  Overlying  the  brown  coal  are  seen  bluffs  of  still- 
water  bedded  gravels,  blending  into  the  stream-bedded  gravels  of 
the  gold  region.  The  gravels  of  the  silting-period  were  dumped 
into  standing  water,  which  extended  horizontally  along  the  base  of 
the  mountains,  not  less  than  a  hundred  miles,  and  vertically  not 
less  than  six  hundred  feet  above  the  general  level. 

2.  At  the  outlets  of  the  auriferous  streams  of  the  Sierra  Nevada 
they  are  seen  debouching  upon  the  plains  of  the  Sacramento,  holding 
under  the  surface  the  brown  coals  already  mentioned  ;  while  at  Table 
Mountain  in  Butte  County,  and  elsewhere,  they  are  seen  to  have 
dumped  their  silts  and  gravels  into  standing  water,  at  not  less  then 
six  hundred  feet  above  the  present  sea-level. 

There  was  thus,  at  least,  a  change  of  grade,  as  one  of  the  factors 
of  the  transporting  power  of  water.  To  this  change  of  grade,  if 
not  to  an  absolute  uplift,  I  would  especially  direct  the  attention  of 
experts,  as  an  important  consideration,  in  looking  up  and  down  the 
Cordillera  at  the  auriferous  deposits  which  may  call  for  their  exam- 
ination. 

The  Modern  Streams — A  Divergence. — I  have  now  an  interesting 
divergence  to  note,  in  the  physical  history  of  the  rivers  of  the 
northern  interior  plateau,  from  the  conditions  obtaining  in  California. 
It  is  true,  the  resemblance  of  conditions  continues  to  hold  further, 
in  the  fact  that  the  lower  Sacramento  River  runs  entirely  in  silt,  as 
also  does  the  lower  Fraser.  So  does  the  Eraser  above  the  bed-rock 
canon,  where  it  passes  through  the  coast  or  Cascade  Mountains. 
When  we  reach  the  headwaters  of  the  Fraser,  on  which  Cariboo  is 
situated,  the  gold-bearing  stream-beds  are  seen  to  have  been  filled  like 
those  in  California ;  the  waters  at  the  debouchure  have  also  subsided, 
and  the  modern  streams  have  cut  fresh  canons,  which  are,  for  the 
most  part,  identical  with  the  old,  as  they  are  in  California.  But  the 
new  erosions  have  not  gone  down  to  the  bottom  of  the  older  cafions, 
as  they  have  in  California.  From  50  to  150  feet  of  the  richest 
auriferous  deposit  is  found  underneath  the  stream-beds.  All  the 
rich  placers  of  Cariboo  have  been  mined  by  underground  drifting, 
with  all  the  difficulties  of  water  and  "slum"  to  contend  with  over- 
head. In  California,  on  the  contrary,  the  modern  streams  have  cut 
down  at  mid-slope  a  thousand  feet  deeper  than  the  Tertiary  streams 
preceding  them  had  done. 

All  the  difficulties  in  the  way  of  the  placer-miner  are  accordingly 
multiplied,  on  the  northern  plateau  at  least;  and  while  I  am  not 
prepared  to  say,  of  my  own  knowledge,  how  it  is  in  other  portions 
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of  the  plateau,  I  think  it  may  be  found  tlie  case  generally  within 
the  eastern  and  western  rims. 


THE  SILVER  MINES  OF  CALICO,  CALIFORNIA. 

BY  WALDEMAR  LINDGREN,  U.  S.  QEOI-OQICAL  SURVEY,  SAN   FRANCISCO, 

CALIFORNIA. 

(Scranton  Meeting,  February,  18S7.) 

[The  observations  here  presented  were  made  during  a  short  visit 
at  Calico,  in  December,  1886.  The  accompanying  map,  which  does 
not  claim  to  be  more  than  a  careful  sketch,  is  based  on  the  position 
of  a  few  mines  obtained  from  Mr.  F.  Lewis,  at  Calico,  and  the  plats 
in  the  Land  Office  with  tlie  patented  claims.  Only  a  few  claims 
are  shown  by  their  boundary  lines:  as  usual  in  mining  districts, 
there  is  an  enormous  number  of  them,  often  conflicting  or  overlap- 
ping, the  correct  mapping  of  which  would  be  useless  for  the  present 
purpose.  The  rest  of  the  topography  and  the  drainage  are  mapped 
from  sketches,  aided  by  compass  and  aneroid.  The  elevations  are 
taken  from  Daggett  as  base,  the  altitude  of  this  station  being  deter- 
mined by  the  railroad  to  be  2000  feet.] 

Until  a  few  years  ago  the  product  of  silver  in  California  was  of 
little  importance,  compared  with  that  of  gold,  and  often  fell  short  of 
81,000,000,  the  only  noteworthy  counties  being  Mono,  Inyo  and 
San  Bernardino.  About  1881,  however,  important  discoveries  were 
made  in  the  deserts  of  San  Bernardino,  and  the  remarkable  increase 
in  the  production  may  be  seen  from  the  following  figures,  taken 
from  the  Reports  of  the  Director  of  the  Mint : 


Silver  Production  of  California. 

Of  San  Bernardino  Co. 

1883, 

.     $1,460,000 

$1,050,050 

1884, 

.      3,000,000 

2,550,000 

1885, 

.       2,568,036 

2,363,436 

By  far  the  largast  portion  of  the  product  of  San  Bernardino  is 
derived  from  the  district  surrounding  Calico,  although  the  success 
there  has  also  given  fresh  stimulus  to  prospecting  and  mining  in 
other  parts  of  the  county. 

San  Bernardino  borders  towards  the  east  on  Nevada  and  Arizona, 
towards  the  south  on  San  Diego  County,  California.  Topographi- 
cally, as  well  as  geologically,  the  largest  part  of  it  belongs  to  the 
Great  Basin.  Broad  shallow  lake-beds  or  valleys  with  an  elevation 
of  2000  to  30C0  feet,  are  separated  by  low  mountain  chains  and 
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dotted  with  detached  hills.  It  is  a  desolate,  arid  country,  but  not 
without  the  weird  beauty  of  the  desert;  the  vegetation  is  usually 
limited  to  a  few  thorny  shrubs  and  cactus,  although  in  places  scat- 
tered Yucca  trees  ( Yucca  baccata)  and  Agave  amerioana  are  found. 

The  town  of  Calico  is  situated  in  the  western  half  of  the  county, 
seven  miles  north  of  the  dry  bed  of  Mojave  river  and  of  Daggett 
Station  on  the  Atlantic  and  Pacific  Railroad. 

Between  the  Mojave  Valley  and  the  next  depression  northward 
there  is  a  mountain  complex  of  about  2000  feet  elevation  above  the 
plain,  or  4000  feet  above  the  sea-level.  The  raining  district  of 
Calico  lies  on  the  southern  slope  of  this  complex.  The  Land  Office 
maps  place  Calico  in  S.  22,  T.  10  N.  R.  1  E.  San  Bernardino  meridian. 

Geologic  Observations. — Going  from  Cajon  Pass  northeast  towards 
Calico,  along  the  Mojave  river  the  nearly  horizontal,  presumably 
tertiary,  sandstones  of  the  desert  are  for  a  long  distance  the  most 
prominent  geologic  feature ;  in  places  granite,  metamorphic  slates 
and  limestone  masses  are  exposed.  Finally,  at  Barstow  Station, 
almost  in  a  line  with  the  great  eastern  fault  of  the  Sierra,  liparite 
and  other  tertiary  eruptives  are  met  with  and  from  here  on  towards 
the  Providence  mountains,  near  the  Colorado  river,  they  are  very 
C(mspicuous.  These  eruptions  are  doubtless  younger  than  the 
tertiary  sandstones  of  the  desert.  The  form  of  the  mountains,  the 
often-occurring  craters,  and  finally  the  great  masses  of  tufas,  give 
evidence  in  favor  of  their  comparatively  recent  origin. 

The  wide,  nearly  level  Mojave  Valley  south  of  Calico  is  covered 
by  quaternary  detritus,  or  shallow,  dry  lake-beds,  smooth  and  hard 
as  a  floor.  The  complex  north  of  the  valley  is  predominantly  com- 
posed of  highly-disturbed  masses  of  liparite  and  tufas,  together  with 
clay  and  sand  strata,  derived  from  the  former. 

Assuming  Clarence  King's  determination  of  the  age  of  liparites 
of  the  Great  Basin  to  apply  to  this  region — a  very  probable  suppo- 
sition— they  should  be  regarded  as  early  Pliocene;  the  tufas  and 
sandstones  would  be  referred  to  the  Pliocene,  and  be  parallel  to  the 
Shoshone  Lake  deposits  of  King. 

The  structure  of  a  part  of  this  volcanic  complex  is  illustrated  on 
the  sketch-map  (see  Plate)  and  profiles,  Figs.  1  and  6.  The  sand- 
stone and  clay  strata — the  former  loose  and  friable,  the  latter  soft 
and  greenish — form  a  zone  along  the  foot-hills  about  i  to  ^  mile 
wide.  The  strike  of  the  strata  is  nearly  E.-W.  at  Calico,  but 
changes  gradually  to  N.W.-S.E.  towards  the  northwest,  following 
the  trend  of  the  foot-hills;  to  the  east  of  Calico  they  bend  more 
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X.E.-S.W.  Near  the  desert  the  strata  are  inclined  at  very  steep 
anijlcs,  and  often  crnnipleil  and  folded  in  an 
extraordinary  degree;  bnt,  going  northward, 
they  soon  become  regular,  dipping  uniformly 
south  at  an  angle  from  40°  to  25°.  At  some 
places  in  Wall  Street  cailon  they  contain  peb- 
bles of  liparite  besides  those  of  quartzite  and 
granitic  rocks — a  diligent  search  failed  to  dis- 
cover any  fossils,  except  a  few  indeterminable 
vegetable  remains,  in  the  clay  of  the  series.  The 
sandstones  contain  much  calcium  carbonate  and 
sodium  sulphate.  Some  distance  east  of  Calico 
it  is  said  that  borax  deposits  occur  in  the  clay. 
Granting  that  the  strata  arc  of  Pliocene  age, 
the  fact  of  their  extreme  disturbance  is  inter- 
esting. The  Pliocene  strata  of  Nevada  are, 
according  to  the  Fortieth  Parallel  surveys,  but 
little  affected  by  horizontal  compression,  and 
usually  retain  their  original,  level  position, 
while  Pliocene,  or  post-Pliocene,  folding  is 
known  in  connection  with  the  coast-ranges  of 
California  from  San  Francisco  southward. 

Southeast  of  Calico,  interposed  between  the 
sandstones  and  the  desert,  there  is  a  light 
yellowish  gray  eruptive,  which,  I  think,  is 
later  than  the  sandstones.  Pending  further 
examination,  I  have  designated  it  as  a  horn- 
blende-andesite.  The  whole  area  north  of  this 
sandstone-clay  belt  has  been  laid  down  as 
"liparite,  liparitic  tufa  and  breccia."  It  is  in 
this  that  we  find  the  silver-deposits.  The  area 
is  one  of  extreme  disturbance,  composed  of 
massive  liparite,  heavy  bedded  flows  and  strati- 
fied tufas,  traversed  and  cut  by  numerous  frac- 
tures, along  which  often  considerable  disloca- 
tion has  taken  place.  For  a  mile,  at  least,  east  of 
Calico  the  sandstones  are  conformably  underlain 
by  heavy  beds  of  brown  tufa,  dipping  25°  to 
30°  S.  or  S.E.,  but  this  zone  of  regular  stratifi- 
cation is  narrow,  and,  going  northward,  the  structural  relations  soon 
become  very  complex.  (See  Fig.  6.) 
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A  few  of  the  dislocations — those  related  to  the  mineral  deposits — 
are  indicated  on  the  map.  It  will  be  observed  that  many  of  them 
are  in  a  more  or  less  perpendicular  position  to  the  main  strike  of 
the  sandstone-belt,  or  in  the  same  direction  as  the  tangential  force 
which  has  caused  the  folding,  crumpling  and  elevation  of  the  strata. 
The  peculiar  branching-divergent  form  of  the  main  and  best-studied 
fracture,  which  I  shall  designate  as  the  "  King  system,"  is  very  no- 
ticeable. Possibly  this  is  a  result  of  torsional  movement,  or  the 
consecutive  action  of  two  forces  in  somewhat  different  directions. 

Movement,  as  already  mentioned,  has  often  taken  place  along  the 
fractures.  In  the  King  system  there  are  indications  of  vertical 
movement  only;  in  others,  for  instance  in  the  Garfield. mine,  the 
striations  are  oblique.  The  largest  faulting  seems  to  have  taken 
place  at  the  southeast  end  of  the  King  system,  where  the  aggregate 
throw  of  the  step-faults  must  be  over  500  feet. 

The  liparite — substituting  this  name  for  the  formerly  more  used 
"rhyolite" — is  of  somewhat  differing  appearance,  although  the 
difference  is  more  macroscopical  than  microscopical.  It  is  a  por- 
phyritic  rock  without  flow-structure,  violet,  brown  or  greenish,  with 
a  glassy  to  crypto-crystalline  base,  and  usually  rich  in  quartz  and 
feldspars,  of  which  some  are  plagioclase.  In  some  places  the  amount 
of  silica  present  as  quartz  in  recognizable  form  is  very  small ;  the 
silica,  however,  may  be  contained  in  the  ground-mass.  The  ferro- 
magnesian  silicates  are  brown  mica  and  hornblende,  the  latter  usually 
completely  filled  with  opacite. 

The  area  indicated  on  the  map  as  "yellow  liparitic  breccia"  is  in 
may  respects  peculiar.  It  is  a  heavy  unstratified  mass,  which  cuts 
off"  the  beds  of  brown  tufa  appearing  below  the  sandstones,  the 
latter,  near  the  contact,  being  indurated  and  impregnated  with  silica. 
Further  north,  on  the  west  side  of  Wall  Street  canon,  it  rests  on  the 
massive  brown  liparite.  The  appearance  is  as  if  this  mass  belonged 
to  a  somewhat  later  eruption. 

There  has  been  but  little  erosion  in  the  district,  and  the  influence 
of  dislocations  and  faults  on  the  present  configuration  of  the  country 
is  apparent  and  interesting:  they  have  often  determined  the  course 
of  the  caflons. 

3Uneral  Deposits. — The  silver-deposits  of  Calico  may  be  divided 
into  two  groups : 

1.  Those  directly  connected  with  fractures  and  faults.  These 
must  be  regarded  as  "  fissure-veins,"  although  they  are  not  always 
such  in  the  old  meaning  of  the  term,  which  supposed  an  open  space 
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between  two  walb,  snbsequoiitly  filled  with  gangue  and  ore.  On  the 
contrary,  tlie  deposition  of  the  ores  has,  in  this  group,  often  taken 
plaee  in  the  zones  of  fractured  rock  accompanying  the  dislocations. 

2.  Those  of  irregular  form  and  "  pockety "  character,  usually 
found  in  the  tufa-beds  near  the  surface,  and  seldom  extending  to 
considerable  depth.  Although  often  wholly  irregular  they  some- 
times have  a  tendency  to  follow  the  dip  of  the  strata.  A  fissure- 
vein  is  always — as  far  as  my  experience  goes — found  near  by  and  on 
a  higher  level. 

The  ores  of  the  district  are  almost  exclusively  chloride  andchloro- 
bromide  of  silver,  usually  accompanied  along  the  fissures  by  a  gangue 
of  barite.     Calcite  is  not  very  frequent. 

King  System. — Some  of  the  oldest  and  most  important  mines  are 
located  along  that  complex  of  fractures  I  have  already  designated 
as  the  ''  King  system,"  wiiich  can  be  traced  for  at  least  two  miles 
X.W.-S.E.  The  peculiar  branching-divergent  form  of  these  fissures 
has  already  been  mentioned.  Towards  the  southern  end  of  the 
system  considerable  faulting  has  followed  the  fracturing;  and  it  has 
been  pointed  out  that  King  Hill,  with  its  bold,  rocky  face  and  step- 
faults,  indicates  a  throw  of  more  than  500  feet. 

The  ores  found  along  these  fissures  are  all  similar  in  character. 
A  gangue  of  predominating  barite  and  jaspery  silica  encloses  more 
or  less  regularly  distributed  chlorides  and  chlorobromides ;  manga- 
nese minerals  (pyrolusite,  etc.)  are  common ;  finely  distributed  rich 
sulphides  occur  sparingly.  Small  masses  of  a  black  sulphide  of 
silver,  copper  and  lead  have  been  found  in  the  King  mine.  There 
is,  on  the  whole,  however,  a  remarkable  absence  of  base  metals,  and 
the  bullion  is  usually  very  fine.  A  black  earthy  mass,  locally  called 
"  black  oxide,"  proved  to  be  a  mixture  of  barite  and  chloride-ore 
stained  with  manganese.  The  cerargyrite  and  embolite  mostly  occur 
as  thin  coatings  on  joints  and  cracks,  but  often  also  imbedded  in  the 
barite  in  a  way  which  would  tempt  one  to  regard  them  as  primary 
minerals. 

At  the  northern  end  of  the  system  the  deposits  occur  as  typical 
fissure-veins  with  well-developed  walls,  the  gangue  and  ore  almost 
exclusively  filling  the  intermediate  space.  The  fissures  occur  in  a 
brownish  liparite  with  large  quantities  of  porphyritic  feldspar  and 
but  little  quartz.  No  extensive  faulting  seems  to  have  taken  place. 
The  veins  run  in  a  general  N.W.-S.E.  direction,  and,  when  not  ver- 
tical, dip  southwest  at  steep  angles.  The  width  varies  from  2  feet 
to  2  inches,  usually  being  about  8  inches.  Some  of  the  mines 
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showed  rich  ore-bodies  on  the  surface;  these  gradually  grew  poorer, 
and  extensive  prospecting  on  the  lower  levels  failed  to  reveal  the 
presence  of  any  silver-ores,  although  the  barite-veins  continued 
unchanged. 

Going  southeast  from  the  north-end  mines  along  the  fissure,  evi- 
dences of  increased  faulting  and  extensive  crushing  of  the  rock  are 
encountered.  The  crushing  appears  to  have  reached  its  maximum 
about  the  Red  Cloud  and  Red  Jacket  mines.  Here  the  liparite  is, 
in  places,  completely  disintegrated  and  brecciated ;  on  the  innumer- 
able cracks  and  fissures  running  in  all  directions  barite  and  jasper 
are  deposited ;  and,  although  the  main  deposits  are  connected  with 
the  main  fault-planes,  there  are  numerous  smaller  veins  and  pockets 
in  the  neighborhood. 

The  Silver  King  mine  lies  directly  above  Calico,  on  the  steep 
of  King  Hill.  The  dislocation  has  here  been  large,  resulting  in 
step-faults  with  successively  smaller  throw.  The  hanging-wall  of 
the  first  fault  is  a  liparitic  brecciated  tufa;  the  other  fissures  are 
probably  all  in  a  fractured  and  brecciated  liparite,  although  the  dis- 
tinction of  the  two  near  the  fault  is  often  difficult.  The  striated 
faces  crop  out  boldly  on  King  Hill,  striking  35''-65°  W.  of  N.  and 
dipping  70°  S.  This  mine  has  been  worked  for  a  vertical  distance 
of  about  500  feet.  The  ore-bodies  follow  the  fissures,  but  there  is 
no  fissure-vein  in  the  old  meaning  of  the  word.  On  the  contrary, 
the  gangue  and  ore  impregnate  the  crushed  rock  mostly  in  the  hang- 
ing-wall of  the  always  well-developed  fault-plane,  and  form  very 
irregular  bodies,  sometimes  20  to  30  feet  wide,  again  contracting  to 
a  narrow  seam  along  the  foot-wall. 

The  ore  on  the  most  northerly  fissure,  it  is  said,  did  not  continue 
in  depth  ;  but,  upon  prospecting,  another  body  was  found  in  the 
hanging-wall  of  the  next  fault,  which  it  followed  for  some  time  and 
then  jumped  over  to  another  fault-plane  in  the  hanging-wall,  the 
whole  thus  showing  a  step-like  succession  of  ore-shoots.  The  ex- 
ploration has  reached  the  elevation  of  about  2400  feet,  and  the  work 
is  now  abandoned,  owing,  it  is  stated,  to  the  very  irregular  distribu- 
tion of  the  ore.  On  the  Vlth  level  (2450  feet)  the  most  southerly 
fault  branches;  the  main  fault  runs  on  through  the  Red  Jacket, 
while  another  continues  through  Burning  Moscow  in  a  more  north- 
erly direction. 

In  the  Red  Jacket  mine  there  are  at  least  two  somewhat  diver- 
gent fissures.  The  deposits  are  more  regular  than  in  the  King : 
besides  the  always  present  and  often  striated  foot- wall  there  is  a  more 
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or  less  distinct  hanging-wall.  The  vein  is  nsnally  6  to  10  inches  wide, 
but  sometimes  increases  up  to  G  to  10  feet :  in  the  latter  case — as  in 
the  Silver  King — the  ore  and  gangue  occur  in  crushed  country- 
rock.  On  the  tunnel-level  the  inner  fissure  is  barren,  the  deposits 
following  the  one  nearer  to  the  cafion ;  above,  the  relations  are  re- 
versetl.  Here  again,  then,  we  find  the  same  tendency  of  the  ore  to 
jump  from  one  fissure  to  another  nearer  to  the  surface. 

On  the  slope  between  the  town  and  the  Silver  King  lies  the 
irregular  deposit  of  Silver  .Monument.  The  heavy  beds  of  brown 
tufa,  dipping  25°  S.,  are  bleached  and  decomposed,  and  in  places 
are  rich  in  chlorides.  It  may  be  said  that  the  ore-bodies  here  have 
a  general  tendency  to  follow  the  dip  of  the  beds;  but  they  do  not 
go  deep  below  the  surface,  and  the  ore  is  distributed  in  pockets 
without  following  any  law.  There  is  no  barite  or  other  well-recog- 
nizable mineral  in  the  soft  white  or  yellow  mass.  The  deposit  is 
quite  similar  to  the  Blackfoot  pockets. 

Bismarck  and  Humbug. — These  mines  are  situated  on  the  divide 
between  Bismarck  canon  and  a  branch  of  Wall  Street  canon.  Below, 
on  the  left  side  of  the  former,  there  are  quite  a  number  of  claims 
which  I  did  not  visit. 

The  Bismarck  is  located  on  a  fissure  which  at  the  same  time  is  a 
fault,  with  probably  large  throw,  and  which,  according  to  the  miners, 
can  be  traced  for  at  least  one  mile  to  the  south  or  southeast.  This 
fault,  the  course  of  which  is  N.  17°  W.,  dip  30°  W. — similar  to 
the  King  fissures — separates  heavy  masses  of  brown  tufa  on  the  west 
(hanging-wall)  from  light,  well-stratified  tufaceous  sandstone  (foot- 
wall).  The  strike  of  the  latter,  which  evidently  is  wholly  composed 
of  volcanic  materials,  is  X.  35°  W.,  dip  18°  E.  (See  Fig.  1  and  map.) 
The  strata  of  this  sandstone  occupy  the  divide  proper  for  a  distance 
of  about  400  feet,  east  of  the  fault,  and  are  then  again  cut  off  by  the 
massive  Garfield  liparite,  which  will  be  discussed  later.  They  form 
a  peculiar  wedge-shaped  piece  faulted  in  between  brown. tufas  and 
liparite;  and  further  down  in  Bismarck  canon  they  disappear.  The 
prospects  on  the  left  side  of  the  cafion  appear  to  be  located  on  or 
near  the  contact  of  sandstone  and  liparite. 

The  ores  of  Bismarck  are  cerargyrite  and  a  little  chrysocolla,  oc- 
curring in  a  gangue  of  barite.  There  are  no  well-defined  walls,  but 
only  one  striated  dividing-plane,  along  which  the  ore-bodies  lie.  The 
latter  are  found  on  both  sides  of  this  plane,  although  most  frequently 
to  the  east  of  it  in  the  sandstone,  and  are  usually  irregular,  with  a 
width  not  exceeding  8  inches.     The  shaft  has  been  sunk  not  more 
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than  100  feet  vertical  depth,  and  work  is  now  suspended,  although 
"chloriders"  still  take  out  some  ore  from  the  bottom.  Very  rich 
masses  of  ore  were  found  near  the  surface,  but,  as  usual,  did  not 
continue.  The  fissure  and  the  gangue,  however,  show  no  sign  of 
disappearing  or  diminishing. 

The  Humbug  mine  adjoins  the  Bismarck  to  the  east,  and  is,  in 
fact,  the  direct  continuation  of  the  latter,  but  in  a  very  peculiar  way. 
Standing  at  the  fault,  one  looks  down  along  a  gentle  slope  occupied 
by  the  before-mentioned  tufaceous  sandstone  strata  which  abut  di- 
rectly against  it.  The  highest  stratum  is  impregnated  with  rich  silver- 
ores  and  mined  as  a  quarry,  extending  about  800x300  feet,  and 
nowhere  excavated  deeper  than  30  feet.  The  mining  of  this  argen- 
tiferous body  began  immediately  at,  or  not  more  than  20  to  30  feet 
below,  the  croppings  of  the  Bismarck,  and  the  ores  are  of  the  same 
character  as  in  the  latter,  except  that  there  is  a  remarkable  absence 
of  barite.  The  sandstone  is  decomposed,  softened  and  traversed  by 
numberless  irregular  joints  and  cracks.  The  silver  is  by  no  means 
equally  distributed,  and  does  not  follow  one  certain  bench  or  horizon, 
but  is  deposited  with  hydroxide  or  oxide  of  iron  along  these  joints 
and  cracks.  It  is  true  that  on  the  whole  it  follows  the  dip  of  the 
sandstone,  which  is  about  equal  to  the  slope  of  the  ground,  and  that 
probably  the  whole  mass  is  argentiferous,  but  also  that  the  deposi- 
tion in  these  beds  has  taken  place  in  a  very  irregular  manner. 

The  Garfield  Group. — The  divide  between  Bismarck  and  Garfield 
canon  is  mainly  built  up  of  a  massive,  violet-brown  liparite.  In 
this  liparite  occurs  a  series  of  ore-deposits  somewhat  different  from 
those  already  described.  As  representatives  of  this  type  may  be 
mentioned  the  Garfield,  Runover,  Occidental,  Thunderer,  Boss, 
Gobbler,  Alhambra,  and  Comet.  Of  these  I  have  only  visited  the 
Garfield,  but  have  examined  ores  from  most  of  the  others.  The 
principal  difference  is  that  the  mines  of  this  group  carry  much  more 
copper  than  those  already  described,  the  copper  usually  being  in  the 
form  of  chrysocolla,  more  rarely  as  malachite.  The  ore  occurs  in 
fractured  and  crushed  zones  of  rock,  usually  cementing  the  frag- 
ments. These  zones  are,  in  the  cases  observed,  connected  with,  but 
not  necessarily  strictly  following,  distinct  fault-planes. 

The  Garfield  mine,  at  present  one  of  the  most  important  in  the 
district,  is  situated  about  1^  mile  N.E.  of  Calico,  on  the  west  slope 
of  the  steep  (200  feet  deep)  Garfield  canon.  (See  Plate.)  It  is  en- 
tirely in  liparite,  and  genetically  connected  with  a  fault-plane  in  the 
massive,  running  W.N.W.,  and  dipping  about  80°  E.S.E.,  as  indi- 
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cated  on  the  map.  This  fault,  on  which  oblique  striations  may  be 
noticed,  is  traced  across  the  claim,  and  for  a  considerable  distance  west 
of  it,  cutting  oft*  corners  of  the  Occidental  claims  and  running  out 
towards  Humbug.  The  depth  attained  in  the  Garfield  mine,  which 
is  opened  by  adits  from  the  caflon  side,  is  200  feet,  but  the  explora- 
tions have  not  yet  reached  the  caflon-level.  Some  ore  is  found  along 
this  fault,  but  the  largest  bodies  lie  on  the  south  side  of  it.     The 


HORIZONTAL  PR0JECT10N,UPPER  LEVEL  GARFIELD  MINE. 

whole  forms  what  might  be  called  a  stoekwerh,  or  a  zone  of  number- 
less irregular  fissures  in  the  liparite,  evidently  caused  by  the  same 
dislocating  force  which  formed  the  fault.  Silver  ores  mainly  occur 
on  these  cracks,  and  the  whole  often  appears  as  a  breccia  of  liparite 
cemented  by  the  gangue  and  argentiferous  minerals.  The  ore-bodies 
are  extremely  irregular,  sometimes  narrowing  and  disappearing,  again 
widening  to  40  feet  and  more.  (See  Figs.  2  and  3.)  In  longitudinal 
(E.-W.)  projection  the  main  ore-bodies  appear  to  have  their  principal 


*  ELEVATION,GARFIELD  MINE 

extension  horizontally,  although  other  masses  have  been  found  below 
those  indicated  in  Fig.  3.  The  argentiferous  minerals  are,  as  usual, 
cerargyrite  and  embolite.  Besides  these,  chrysocolla  and  barite  nearly 
always  occur,  although  the  silver-ores  are  not  necessarily  connected 
with  the  copper.  Sometimes,  near  the  main  fault,  the  ore  consists 
of  a  white  decomposed  liparite  with  finely  disseminated  horn-silver. 
A  typical  specimen  of  the  Garfield  and  the  other  mines  mentioned 
in  connection  with  it  .shows  a  little  decomposed  and  considerably  frac- 
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tiired  and  brecciated  Hparite,  cemented  by  ore.  Of  the  minerals  de- 
posited in  the  cracks  and  fissures  the  barite  is  evidently  the  oldest. 
It  has  often  well-developed  crystal-faces,  and  usually  determines  the 
form  of  the  chrysocolla,  the  latter  filling  the  interstices  between  the 
crystals.  Younger  than  both  are  the  haloid  salts  of  silver,  forming 
coats  on  the  chrysocolla,  or  small  vein-like  streaks  in  it.  The  copper 
minerals  have  in  places  impregnated  the  rock,  coloring  the  feldspars 
greenish.  The  whole  often  presents  such  a  fresh  and  undecomposed 
appearance  that  it  seems  difficult  to  consider  the  ores  as  formed  by 
decomposition  of  primary  sulphides.  That  this  is,  nevertheless,  the 
case,  is  proved  by  a  specimen  from  the  Comet  mine,  at  present  in 
the  State  Mineralogical  Museum  of  California,  which  contains  a 
small  mass  of  copper  pyrites  surrounded  by  chrysocolla ;  it  is  the 
only  occurrence  of  pyrites  I  know  of  from  the  camp. 

Blackfoot  Mines. — This  group  is  situated  about  J  mile  southeast 
of  the  Garfield,  on  the  other  side  of  the  canon.     Shortly  after  cross- 


Fig.  4. 


ing  the  latter  the  massive  liparite  ceases,  and  we  come  into  an  area 
of  greenish  decomposed  tufa-beds  dipping  S.E.,  which  again,  further 
east  from  the  Blackfoot,  are  capped  with  heavy  benches  of  reddish 
tufa,  dipping  gently  in  the  same  direction.  There  is  probably  a 
fault  between  the  Garfield  and  the  Blackfoot,  and  possibly  the  cafion 
itself  is  eroded  on  a  line  of  dislocation.  (Compare  Fig.  1.) 

Here  again  we  find  a  fissure-vein  in  connection  with  several 
irregular  surface-deposits.  A  glance  at  the  map  and  at  Fig.  4  will 
show  that  the  fissure  strikes  and  dips  approximately  in  the  same 
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tHrec'tion  as  the  otliers  of  tlie  clistriot.  It  is  not  certain  whether 
there  is  a  connection  or  not  between  this  and  the  Garfield  fault.  The 
deposits  (corargyrite  with  some  ciirbonate  of  lead)  lie  mostly  in  the 
hanging-wall  of  the  smooth  and  striated  fault-plane;  they  are  some- 
what irregular,  often  G  to  10  inches  wide,  sending  out  stringers  in 
the  hanging-wall ;  and  they  extend  along  the  fissure  for  a  distance 
of  300  to  400  feet.  Nobarite  is  found.  At  75  feet,  vertical  depth, 
the  ore  became  too  poor  to  work.  The  fissure  was  followed  down 
for  some  distance  below  the  ore-shoot,  but  nothing  except  a  jaspery 
gangue  was  encountered. 

The  other  deposits,  of  which  there  are  three,  follow  approximately 
the  dip  of  the  tufa,  and  have  no  apparent  connection  with  fissures. 
Aside  from  the  main  direction  they  are  quite  irregular,  the  chloride 
occurring  in  seams  and  streaks  in  the  decomposed  tufa,  and  do  not 
continue  more  than  30  feet  below  the  surface  (Fig.  5).     Around  the 


Fig.  5. 


DEPOSIT  IN  TUFA, 
BLACKFOOT  MINE  AT  A.  FIG.  4. 


excavation  represented  in  the  figure  there  is  some  ore  impregnating 
the  tufa  and  too  poor  to  be  extracted.  There  are  also  several  small 
pockets  at  the  surface.  The  geologic  structure  of  the  heavy  tufa- 
beds  is  somewhat  complicated.  There  appears  to  be  a  bend  of  the 
strata  near  the  Blackfoot,  where  the  strike,  from  being  N.E.-S.W., 
swings  around  to  N.— S. ;  some  of  the  strata  dip  E.,  others  S.-S.E. 
The  beds  being  so  heavy,  there  is  considerable  difficulty  in  decipher- 
ing the  structure. 

Mines  in  or  near  Sandstone  Belt  West  of  Calico. — The  sandstone 
and  clay  belt  of  the  foot-hills  is  usually  barren  of  silver.  About 
half  a  mile  west  of  Calico  there  is,  however,  a  ledge  in  the  sandstone 
near  the  contact  with  the  liparitic  breccia,  which  is  wholly  different 
from  any  other  deposit  in  the  neighborhood.  The  Total  Wreck 
claim  is  located  on  a  ledge  of  massive  carbonate  of  lead  mixed  with 
chrysocolla.  The  carbonate  can  be  traced  on  the  surface  for  some 
distance,  striking  about  E.-W.  in  a  somewhat  indurated  and  sili- 
ceous sandstone,  the  strike  of  the  latter  being  N.  63°  W.  and  the 
dip  70°  S.  The  ore  is  said  to  carry  30  per  cent.  Pb,  and  $12  silver 
and  §6  gold  per  ton.     If  this  is  correct,  it  constitutes  so  far  the  only 
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occurrence  of  gold  in  noteworthy  quantity  in  the  district.  No 
further  particulars  can  be  given,  as  the  location  is  very  little  devel- 
oped. 

Further  west,  where  the  trail  to  Waterloo  crosses  Lead  canon, 
there  are  other  prospects  in  which  galena  has  been  found.  This  is 
near  or  at  the  contact  of  the  sandstone  and  the  breccia. 

The  Waterloo  Mine. — This  mine,  at  present  attracting  much  at- 
tention and  producing  rich  ores,  is  situated  about  one  mile  west  of 
Calico.  The  deposit  lies  along  the  line  where  the  liparite  and  the 
liparitic  breccia  changes  to  the  sandstones  of  the  foot-hills.  The 
strike  of  the  latter  is  N.  75°  W.,  dip  30°  S.  I  could  not  visit  the 
underground  workings,  and  my  notes  from  this  locality  are,  there- 
fore, incomplete. 

The  breccia  contains  fragments  of  indurated  sandstone,  and  the 
latter  near  the  contact  is  broken  and  impregnated  with  silica.  The 
whole  has  the  appearance  of  an  igneous  contact.  If  this  be  the 
case  a  part  of  the  liparite  must  be  later  than  the  sandstones.  The 
ores  occur  along  the  contact  somewhat  irregularly,  often  in  pockets 
in  the  sandstone. 

On  the  surface  some  galena  and  barite  were  found  ;  now  the  prin- 
cipal ore  is  brown  chloride,  which,  with  some  malachite,  occurs  as 
coats  on  cracks  and  fissures. 

The  Waterman  lline  (Grapevine  District),  about  ten  miles  west  of 
Calico,  is  an  important  producer.  I  did  not  visit  it,  but,  judging 
from  descriptions,  the  formations  and  ores  are  very  similar  to  those 
of  Calico. 

Genesis  and  Distribution  of  the  Ores. — The  examination  of  the 
district  leaves  no  room  for  doubt  that  the  principal  deposits  are 
genetically  connected  with  fractures  and  dislocations,  and  that  their 
origin  is  that  of  usual  fissure-veins  formed  by  precipitation  or  depo- 
sition from  aqueous  solutions. 

On  the  other  hand,  the  smaller,  irregular  surface-deposits,  usually 
occurring  in  the  tufa,  carry  exactly  the  same  ores  as  the  fissures  and 
are  rarely,  if  ever,  found  far  from  them ;  always,  too,  on  a  lower 
level.  The  only  difference  between  the  two  classes  of  deposits  is 
that  the  latter  carry  little  or  no  barite.  It  must  be  remembered, 
however,  that  not  all  of  the  former  contain  this  mineral.  The  most 
natural  explanation  is  to  consider  them  as  having  been  deposited  by 
the  solutions  filling  the  fissures  and  overflowing  from  them.  The 
Bismarck  is  an  almost  direct  proof  of  this  view.  Again,  the  evi- 
dence is  entirely  in  favor  of  those  solutions  having  been  thermal 


4 


THE  SILVER   MINES   OF   CALICO,   CALIFORNIA.  729 

springs,  although  there  are  no  such  now  remaining.  Some  of  the 
deposits  in  the  tufii  may  possibly  have  been  caused  by  independent 
solfataric  zones.  In  this  instance,  as  well  as  if  the  cause  had  been 
that  of  overflow  from  the  main  fissures,  the  principal  deposition 
would  naturally  have  taken  place  near  or  along  the  bedding-planes 
of  the  tufa. 

That  cold  surface-water  was  the  dissolving  and  depositing  agent 
appears  to  be  very  improbable.  The  superficial  deposits,  at  least, 
would  then  certainly  have  been  found  in  depressions,  instead  of  on 
divides  and  plateaus. 

The  evidence  is  accumulating  that  very  many  of  the  mineral  de- 
posits of  the  west  are  due  to  the  action  of  thermal  springs.  The 
quicksilver  deposits  of  the  California  coast-ranges,  the  Comstock 
lode,  the  Bodie  mines,  for  instance,  furnish  proofs  of  this. 

The  question  of  the  origin  and  distribution  of  the  silver  in  the 
district  is  an  interesting  one,  which  deserves  far  more  study  and  atten- 
tion than  I  had  opportunity  of  giving  to  it. 

Although  the  age  of  the  liparite  and  tufas  has  not  been  directly 
proved  here  it  is  safe  to  assume  them  to  be  of  a  late  Tertiary  age. 
It  is  known  that  the  majority  of  the  ore-deposits  of  the  west  are 
associated  with  eruptive  rocks,  and  especially  with  the  older  Creta- 
ceous or  pre-Cretaceous  intrusives.*  The  instances  of  Tertiary  or 
Quaternary  eruptions  carrying  mineral  deposits  are  not  numerous. 
The  Bodie  mines  (gold-  and  silver-bearing  quartz  veins  in  later 
hornblende-andesite)  furnish  one  example ;  the  Calico  mines  (silver- 
bearing  barite  veins  in  liparite)  another. 

The  most  apparent  fact  regarding  the  distribution  of  the  silver  is 
its  tendency  to  accumulate  at  or  near  the  surface.  The  richest  ore- 
bodies  have  always  been  found  near  the  croppings  or  at  no  consider- 
able depth  below  them.  This  tendency  is  so  universally  recognized 
at  Calico,  that  the  theory  of  the  miners  is  that  the  silver  has  been 
infiltrated  in  the  fissures  from  above,  or  originally  deposited  at  the 
formation  of  the  tufa.  In  almost  all  of  the  mines  the  ore  has  grown 
poorer  or  disappeared  before  any  great  depth  had  been  reached :  in 
none  of  the  few  exceptions  from  this  rule  have  the  explorations  ex- 
tended more  than  200  feet  below  the  surface.  On  the  other  hand, 
the  gangue  (barite,  j as pery  silica,  etc.)  continues  apparently  without 
diminishing  or  changing.  Were  the  whole  a  product  of  leaching 
of  cold  surface-water  from  the  walls  and  surrounding  rocks,  I  can 

*  S.  F.  Emmons,  Census  Report,  vol.  xiii.,  Colorado. 
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see  no  reason  why  the  gangue  should  continue,  while  the  silver-ores 
diminish  or  cease,  a  short  distance  below  the  surface.  Besides,  the 
country-rock  is  often  remarkably  fresh  near  the  veins.*  The  case 
gains  in  interest  from  the  fact  that  the  district  has  suffered  no  con- 
siderable erosion  since  the  orographic  movements  and  the  formation 
of  the  veins  took  place. 

On  the  whole,  it  seems  to  me  most  probable  that  ascending  ther- 
mals  (which  may  be  surface-water  in  a  certain  sense)  have  extracted 
ore  and  gangue  from  the  eruptive  rock  at  a  certain,  although  not 
exceedingly  great  depth,  and  that  for  chemical  and  physical  reasons 
the  principal  precipitation  took  place  near  the  surface.  The  accu- 
mulation of  ores  near  the  surface  and  their  gradual  decrease  with 
depth  is  nothing  unusual.  Indeed,  innumerable  instances  might  be 
cited,  although  few  so  marked  as  at  Calico. f 

Conclusions. — Most  of  the  ore-deposits  occur  in  liparite  or  in  its 
tufas,  as  veins  along  fractures  and  dislocations  of  a  more  or  less 
regular  character;  as  simple,  once  open  and  subsequently  filled 
fissure- veins;  as  impregnations  along  complex  fissure-systems  {Grang- 
zuge),  or  filling  and  cementing  more  or  less  extensively  fractured 
zones  [Trummerzuge).  The  gangue  is  predominantly  barite  with 
jasper ;  the  present  ores  are  haloid  salts  of  silver,  hydrosilicate  and 
carbonate  of  copper,  resulting  from  primary  rich  silver  sulphides 
and  copper  pyrites.  Another  class,  closely  connected  with  the 
former,  occur  as  irregular  surface-deposits  in  tufa  or  (rarely)  in 
liparite,  in  the  former  case  often  approximately  following  planes  of 
bedding. 

Still  another  class  of  little-investigated  deposits  are  found  as  veins 
in  the  Pliocene  sandstone  or  on  its  contact  with  a  liparitic  breccia. 
They  diifer  from  the  rest  in  carrying  a  larger  quantity  of  lead-ores.| 

*  The  rapid  and  complete  disappearance  of  the  silver  as  the  depth  increased  is 
said  to  have  been  proved  in  some  fissure-veins  of  the  district.  In  most  cases  it 
must  be  borne  in  mind,  however,  that  the  cessation  of  work  simply  means  that  the 
assay-value  of  the  ore  has  fallen  below  the  present  price  of  extraction  and  reduc- 
tion, which  is  quite  high.  With  the  introduction  of  cheaper  lixiviation-processes 
large  amounts  of  low-grade  ore — below  $30  per  ton — will  be  available. 

f  G.  F.  Becker,  Census  Reports,  vol.  xiii.,  Idaho.  Albert  Williams,  Jr.,  Popular 
Fallacies  Regarding  Precious  Metal  Ore-Deposits,  Fourth  Annual  Report  U.  S.  Geo- 
logical Survey. 

X  I  was  not  aware  that  anything  had  been  published  regarding  the  ore-deposits 
of  Calico  when  the  above  was  written.  Since  then,  however,  I  have  found  some 
remarks  on  the  subject  by  Professor  Caspari,  M.E.,  quoted  by  W.  Skidmore  in  an 
article  on  gold-  and  silver-mining  in  California,  in  tlie  Report  of  the  Director  of 
the  Mint,  1884,  p.  541.    After  some  surprising  statements  about  Pliocene  glaciers 
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Metallurgical  Notes. 

The  ores  of  the  Calico  district  are  free-niillinp;.  Chlorides  and 
chlorobromides  pivdoiuinate,  while  sulphides  are  quite  rare.  Lead 
occurs  at  a  few  mines,  also  copper  and  manganese,  but  not  in  suffi- 
cient quantities  to  influence  the  process.  The  bullion  is  of  some- 
what variable  grade,  but  always  free  from  gold.  Bullion  from  the 
deposits  of  the  King  System  averages  900  fine ;  Garfield  group  about 
SoO ;  Waterloo,  700-750. 

Sorting  the  Ore. — This  is  often  a  very  difficult  task,  especially  in 
the  irregular  deposits  in  the  tufa,  where  the  chlorides  occur  as  thin 
films  on  the  minute  cracks  in  the  decomposed  rocks.  The  ore  is 
usually  screened  at  the  mines,  the  screenings  being  much  richer  than 
the  coai-ser  part,  which  again  is  sorted  by  hand.  Extensive  use  is 
also  made  of  the  hyposulphite  test,  each  party  of  miners  ("chlo- 
riders")  possessing  a  few  test-tubes,  with  hyposulphite  and  sulphide 
of  sodium.  As  other  ores  than  chlorides  or  chlorobromides  hardly 
ever  occur,  the  test  is  reliable,  and  considerable  skill  is  often  attained 
in  estimating  the  percentage  of  silver  from  the  sulphide-precipitate. 

The  amount  of  silver  in  the  ores  delivered  at  the  mills,  of  course, 
varies,  but  is  seldom  below  $20  per  ton,  and  often  runs  up  in  the 
hundreds.  The  mills  charge  very  high  prices  for  treating  ores — 
about  $20  per  ton,  and  return  80  per  cent,  of  assay  value. 

Milling. — There  are  two  mills  near  Calico :  the  Garfield  works 
with  15  stamps,  and  the  Barber  with  10.  Besides  these  there  is  the 
Oro  Grande  mill  at  Daggett  with  15.  In  all  these  mills  the  con- 
tinuous system  of  M.  P.  Boss  is  used.  The  pulp  goes  directly  to 
the  first  pan  from  the  battery,  and  from  this  successively  through  all 
the  other  pans  and  settlers.  The  advantage  is  obvious.  The  disa- 
greeable and  costly  handling  of  the  pulp  in  the  tanks  is  avoided.    The 

in  the  Sierras,  Mr.  Caspari  says,  speaking  of  the  Calico  mines:  "The  formation 
consists  of  a  metamorphic  porphyry  of  a  reddish  color,  broken  by  an  open  cleavage 
of  remarkable  regularity,  which  may  be  easily  mistaken  for  stratification.  This 
rock  contains  no  ore.  Overlying  this  red  rock  we  find  a  similar  rock,  but  of  a 
whitish  color  and  of  a  more  earthy  fracture,  resembling  a  metamorphic  trachyte. 
This  rock  contains  the  ore  in  two  distinct  forms?  Either  the  ore  is  found  along 
the  joint-planes  of  the  cleavage  or  in  a  conglomerate  formed  by  small  fragments 
cemented  together  by  an  argillous,  earthy  mixture  of  ore  and  clay.  The  rock  is 
always  barren.  The  deposit  of  these  ores  between  the  cleavage  or  in  the  conglom- 
erate are  undoubtedly  contemporaneous  with  the  formation  of  the  rock  itself.  .  .  " 
Mr.  Skidmore  continues :  "  Professor  Caspari  says  that  he  has  not  seen  any  veins ; 
the  ore-conglomerate  is  interbedded  in  the  rock,  and  may  be  nlistaken  for  main 
shoots  lying  conformably  to  the  general  plan  of  mistaken  stratification.  The  ores 
appear  in  irregular  deposits." 
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practical  application  of  this  system — not  the  idea — is  comparatively 
new  among  the  silver-mills  of  the  Pacific  slope,  and  it  is  not  yet 
proved  that  the  process  is  practicable  with  all  kinds  of  ores;  it  has 
certainly  proved  to  be  a  snccess  in  the  case  of  the  Calico  very  free- 
milling  ores.  It  is  necessary,  of  course,  to  work  with  very  thin 
pulp,  so  that  it  may  run  freely  from  one  pan  to  another. 

The  two  last-named  mills  are  built  on  the  usual  pattern,  with  pans 
and  settlers  on  different  levels,  and  have  been  adapted  to  the  con- 
tinuous svstem  afterwards.  The  Garfield  mill  is  quite  new  and 
differently  constructed ;  the  notes  regarding  it  I  obtained  from  the 
able  and  obliging  superintendent,  Mr.  J.  F.  Ryan. 

The  ore  first  passes  over  a  grizzly;  the  fine  falls  directly  down  in 
the  bins,  while  the  coarser  is  first  crushed  by  means  of  a  rock- 
breaker.  (See  Fig.  7.) 

The  battery  of  15  stamps  (weight  850  pounds,  fall  8  inches)  is 
fed  by  the  usual  Hendy  feeder  and  the  pulp  discharged  through  a 
30-mesh  screen  ;  2000  gallons  of  water  are  used  per  ton  of  ore,  and 
about  33  tons  are  crushed  per  day.  Hot  water  is  used  in  the  bat- 
teiy.  From  the  battery  the  thin  pulp  is  conducted  directly  to  the 
first  pan.  Tlie  pans  and  settlers  are  all  on  the  same  level,  and  are  so 
connected  that  the  pulp  may  flow  freely  from  one  to  another.  All 
are  driven  directly  from  the  main  shaft  by  means  of  bevel  gear- 
ing and  friction  clutches,  so  that  any  pan  may  be  thrown  out,  if 
repairs,  etc.,  are  necessary.  In  that  case  connection  is  established 
between  the  others,  so  that  no  interruption  of  the  work  takes  place. 
The  pulp  in  the  isolated  pan  is  then  pumped  out  by  means  of  a 
siphon-shaped  steam-injector.  There  are  8  pans  with  a  diameter  of 
5 J  feet, and  making  65  revolutions  per  minute;  also  3  settlers  8  feet 
in  diameter,  and  making  20  revolutions  per  minute. 

A  little  quicksilver  is  added  in  the  first  pan;  the  muller  is  let 
down,  and  the  pulp  is  ground.  Experiments  have  been  made  with 
grinding  in  the  second  and  third  pan  also;  but  at  present  only  the 
first  is  used  for  this  purpose. 

Exhaust-steam  is  introduced  from  below  in  the  false  bottoms  and 
cones  of  all  the  pans,  and  a  thermometer  attached  giving  the  tem- 
perature of  the  pulp.  In  the  third  pan  sulphate  of  copper  and 
chloride  of  sodium  are  added — of  the  former  about  1-1|  pound ; 
of  the  latter,  8-15  pounds  per  ton  of  ore.  This  is  done  by  means 
of  a  self-feeder :  a  slowly  revolving  disk  with  about  10  small  buckets 
filled  with  bluestone  and  salt,  which  are  automatically  discharged 
in  the  pans  at  certain  intervals.     In  the  third  pan  the  last  portion 


734      COMPARISON   OF   SOIME   SOUTHERN   COKES    AND    IRON-ORES. 

of  the  quicksilver  is  added.  In  the  fifth  pan  a  little  caustic  lime  is 
fed — also  by  a  revolving  automatic  feeder — in  order  to  clean  the 
quicksilver.  From  the  last  of  the  pans  the  pulp  flows  into  the  set- 
tlers, where  the  remaining  amalgam  is  collected.  Sprays  of  water 
from  pipes,  radially  arranged,  aid  the  settling.  About  95  per  cent, 
of  the  amalgam  is  drawn  from  the  first  three  pans.  It  is  estimated 
that  the  purest  chloride-ores  are  worked  up  to  90  or  95  per  cent,  of 
the  assay-value;  baser  ores  do  not  yield  more  than  75  to  80  per  cent. 

Attempts  have  been  made  to  concentrate  the  tailings  by  means  of 
a  simple  vanner,  but,  as  might  have  been  expected  from  the  char- 
acter of  the  ore,  the  concentrates  are  hardly  rich  enough  to  pay. 
Three  men  are  employed  in  the  mill  per  shift. 

On  account  of  the  high  rates  charged  by  the  mills  and  the  fact 
that  very  large  quantities  of  low-grade  (below  $30)  ore  occur  in  the 
district,  frequent  attempts  have  lately  been  made  to  leach  the  ores 
by  means  of  hyposulphite  of  sodium.  Several  small  leaching-works 
have  been  erected,  and  are  stated  to  have  been  operated  successfully. 
These  low-grade,  pure  chloride-ores  appear  particularly  well  adapted 
for  lixivation. 


C03IPABIS0N  OF  SOME  SOUTHEBN  COKES  AN'D  IBOIi-OBES. 

BY  A.    S.    M'CREATH,    HARRISBTJRG,   PA.,  AND  E.    V.    d'INVILLIERS, 
PHILADELPHIA,    PA. 

(Scranton  Meeting,  February,  1887.) 

The  rapid  development  of  the  southern  coal  and  iron-ore  fields 
during  the  past  few  years,  and  especially  in  the  latter  half  of  the 
year  1886,  and  the  avidity  with  which  everything  relating  to  the 
industrial  situation  there  is  read  and  absorbed  by  the  professional 
and  non-professional  public,  has  led  to  the  preparation  of  a  brief 
paper  for  the  Institute  upon  a  comparison  of  the  raw  materials 
available  on  or  about  January  1st,  1887,  at  three  prominent  centers 
of  consumption. 

While  disclaiming  any  originality  or  priority  in  the  treatment  of 
the  resources  of  these  districts,  where  so  much  valuable  and  inter- 
esting work  has  been  jjerformed  in  the  past  by  several  members  of 
the  Institute,  we  hope  that  the  presentation  of  some  analyses  of 
samples  personally  secured  by  us  in  the  several  districts  selected, 
and  prepared  for  a  comparative  study  of  the  character  of  the  mate- 
rials actually  used  and  to  be  used  by  the  furnaces  of  the  "New 
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South,"  may  be  of  present  and  future  interest  to  the  profession  as 
well  as  to  the  capitalist  seeking  investments  in  those  regions. 

The  throe  districts  selected  for  comparison  are  those  usually 
known  as  : 

1st.  The  Birmingham  district  of  Alabama. 

2d.  The  Chattanooga  district  of  Tennessee. 

3d.  The  Cripple  Creek  djstriot  of  Soutiiwest  Virginia. 

It  is  the  purpose  of  this  paper  not  to  discuss  the  geological  re- 
sources of  either  district,  or  to  draw  invidious  comparisons  as  to  the 
respective  advantages  of  one  or  the  other  of  them,  but  rather  to  call 
attention  to  the  existing  features  of  all,  and  to  present  the  distinc- 
tive claims  of  each  separately  and  together  as  possessing  singly  or 
collectively  the  materials  at  hand  for  the  basis  of  a  reason  why 
each  of  these  regions  merits  the  interest  now  bestowed  upon  it. 
The  districts  mentioned  were  visited  successively,  and  our  personal 
observations  were  re-enforced  on  the  ground  by  the  testimony  of 
those  engaged  in  the  mining  and  preparation  of  the  raw  materials, 
and  in  the  production  of  pig-iron. 

Necessarily  in  a  ^eld  so  wide  and  where  time  permitted  only  a 
cursory  examination  of  special  points,  the  results  obtained  may 
lack  that  completeness  which  an  extension  of  our  observations  over 
broader  territory  might  have  brought  about ;  but  our  researches  have 
been  fairly  representative,  and  at  least  illustrate  the  resources, 
present  and  prospective,  atfecting  nine-tenths  of  the  furnace-plants 
now  in  existence  through  that  portion  of  the  South, 

1st.  The  Birmingham  District. 

The  Birmingham  district  of  Alabama  is  the  best  known,  the 
most  talked  about,  and  the  most  largely  developed  up  to  the  present 
time,  and  its  reputation  for  the  production  of  cheap  raw  materials 
and  pig-iron  has  been  won  against  many  natural  disadvantages, 
chief  among  which  has  been  its  lack  of  an  abundance  of  water,  the 
distance  of  the  region  from  tide- water,  and  the  absence  of  an  active 
home  consumption  of  the  pig-iron.  The  bulk  of  the  pig-iron  pro- 
duced here  goes  to  the  western  markets  of  Louisville,  Cincinnati, 
St.  Louis,  Detroit,  and  Chicago,  a  portion  to  tide-water  at  Savannah 
and  Charleston  (respectively  about  450  and  475  miles),  and  a  little, 
as  we  are  informed,  to  Northern  and  Eastern  markets. 

In  an  almost  incredibly  short  time,  a  railroad  system  centering 
at  Birmingham  has  been  built,  to  the  manifest  advantage  of  the 
region,  and  in  a  measure  offsetting  the  natural  defects  of  the  situa- 
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tion.  Leaving  out  of  consideration  the  partially  constructed  or  pro- 
jected lines,  the  great  trunk  lines  catering  to  the  wants  of  the  city  are: 

1st.  The  Louisville  and  Nashville  Railroad. 

2d.  The  Queen  and  Crescent  route  (Cincinnati,  New  Orleans 
and  Texas  Pacific  Railroad). 

3d.  The  Georgia  Pacific  Railroad. 

The  first  company  operates  about  2360  miles,  giving  Birmingham 
an  outlet  to  Nashville  209  miles,  Louisville  394  miles,  and  Cin- 
cinnati 504  miles,  and  thence  to  various  points  north  and  west; 
and  to  Montgomery  96  miles,  Mobile  276  miles,  and  New  Orleans 
417  miles  southward. 

Memphis,  St.  Louis,  and  the  various  western  markets  are  like- 
wise opened  by  connections  of  this  line. 

The  Queen  Crescent  route  places  Birmingham  in  communication 
northward  with  Chattanooga  143  miles,  and  Cincinnati  478  miles; 
and  southward  by  various  divisions  with  Meridian  152  miles, 
New  Orleans  348  miles,  and  Vicksburg  292  miles.  It  operates 
1158  miles  of  track. 

The  Georgia  Pacific  Railway  is  the  outlet  to  the  east  and  tide- 
water, extending  to  connections  at  Atlanta  167  miles. 

From  this  summary  it  will  be  seen  that  Birmingham  already 
possesses  an  excellent  railroad  system,  which  has  been  locally  dupli- 
cated by  numerous  small  branch  lines  to  the  ore-  and  coal-fields. 

The  remarkable  growth  of  Alabama  as  an  iron-producing  State 
is  well  known.  Omitting  from  consideration  the  outlying  furnaces, 
and  those  in  course  of  construction,  the  Birmingham  district  may 
be  said  to  be  comprised  in  a  circle  with  a  radius  of  12  miles,  and, 
on  January  1st,  1887,  had  in  active  operation  10  furnaces,*  with 
an  estimated  output  of  270,000  tons  a  year,  mostly  foundry  and  mill 
iron. 

These  furnaces  and  their  capacities  are  as  follows : 

Capacity,  tons. 

Mary  Pratt,  1  stack,  55^x12^ 15,000 

Sloss,  2  stacks,  No.  1,  65'  x  16^';  No.  2,  75'  x  16i',        .        .  60,000 

Williamson,  1  stack,  65' xl3t' 15,000 

Alice,  2  stacks.  No.  1,  63'  x  15' ;  No.  2,  75'  x  18',  .         .        .  60,000 

Woodward,  2  stacks,  each  75'  x  17', 60,000 

•Eureka  at  Oxmoor,  No.  1,  60'  x  16' ;  No.  2,  65'x  17',    .         .  60,000 

Ore  Supply. — The  stock  for  these  different  furnaces  differs  but 
slightly ;  and  were  it  not  for  the  limited  amount  of  the  limonite  ores 

*  Woodward  Coal  and  Iron  Company  were  just  preparing  to  blow  in  tlieir  No.  2 
furnace. 
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iiseil  bv  a  few  of  them  for  mixture  with  the  so-called  "red  fossil" 
or  Clinton  oi-es  of  No.  V,  they  might  all  be  said  to  have  one  general 
ore-snpply,  coming  from  geographiotiliy  dilferent  parts  of  th'e  same 
outcrop,  and  in  the  same  ridge.  These  Clinton  ores,  or  Red  Moun- 
tain ores  as  they  are  called  in  Alabama,  make  up  fully  90  per  cent 
of  the  ore-supply  of  the  Birmingham  furnaces. 

The  ore  is  found  in  the  Red  Mountain  group  of  rocks,  corre- 
sponding to  the  Clinton'  epoch  of  New  York  and  the  No.  V  of 
Pennsylvania,  which  in  this  portion  of  Alabama  forms  monoclinal 
hills  on  either  side  of  an  anticlinal  valley  of  Cambro-Silurian  lime- 
stone, in  which  Birmingham  is  situated. 

These  hills  rise  200  to  250  feet  above  the  plain  of  the  vallev,  their 
crests  practically  marking  the  outcrop  of  iron-ore,  and  are  remark- 
ably regular  and  persistent  as  ridges  throughout  the  length  of  the 
State  northeast  and  southwest.  The  ore-bearing  rocks  dip  southeast 
and  northwest  on  either  side  of  the  anticlinal  valley,  and,  when  not 
faulted,  pass  regularly  beneath  the  Subcarboniferou's  measures  skirt- 
ing the  Cahaba  coal-field  on  the  east  side,  and  the  Warrior  coal-field 
on  the  west.  The  absence  of  Oneida  sandstone.  No.  IV,  and  Hud- 
son River  slate.  No.  Ill,  intervening  between  these  Red  Mountain 
measures  and  the  valley  limestone  in  the  north,  and  the  attenuated 
condition,  if  not  total  absence,  of  many  of  the  Palseozoi.:  rock- 
groups  usually  found  between  No.  V  and  the  coal-measures,  has 
brought  about  a  proximity  of  the  raw  materials  required  in  the 
manufacture  of  pig-iron,  upon  which  much  of  the  success  of  the 
Birmingham  district  is  founded.  Indeed,  this  condition  of  affairs 
is  unique;  for  while  geologically  the  same  conditions  may  exist  in 
many  other  places  in  the  State,  the  same  important  development  of 
the  economic  strata  can  hardly  be  carried  far  out  of  the  district 
described.  For  instance,  the  east  Red  Mountain  ore-group  has  a 
thickness  of  22  feet  for  a  few  miles  south  of  Birmingham;  but  no 
such  development  is  found  to  the  north  or  south  of  this  area,  or  on 
the  parallel  ridge  on  the  western  side  of  the  valley. 

The  present  ore-supply  comes  very  largely  from  this  portion  of 
the  east  Red  Mountain,  the  Redding  mines  here  being  the  most 
extensive  operation  in  the  district.  It  is  at  these  mines  that  the 
Clinton  ore  has  its  finest  development;  worked  on  its  outcrop  in 
long  open  cuts  40  to  50  feet  deep,  by  short  cross-cuts  through  the 
overlying  measures,  and  by  a  slope  now  sinking  on  the  bed  from  a 
little  above  water-level. 

The  Redding  mines  of  the  Alice  furnace  property  (Geo.  Morris, 
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lessee),  are  situated  about  8  miles  south  of  Birmingliam,  on  the 
eastern  slope  of  the  East  Red  Mountain.  The  dip  is  southeast  20° 
to  30°  toward  the  Cahaba  coal-fields,  and  conforms  to  the  slope  of 
the  mountain.  The  overlying  strata  capping  the  ore-bed  here  and 
for  some  distance  north  and  south,  are  nowhere  over  i5  or  30  feet 
thick,  consisting  of  red  shale,  thin-bedded  sandstones  and  some 
white  chert. 

The  total  thickness  of  the  ore-bed  is  about  22  feet,  in  two  main 
divisions,  separated  by  a  few  inches  of  slate.  The  upper,  richer  (?), 
coarse-grained  and  more  granular  bed  is  9  to  1 1  feet  thick,  and  the 
lower,  slightly  leaner  (?),  more  fine-grained  and  laminated  bed  is 
usually  about  13  feet  thick.  This  lower  portion  of  the  bed  is  only 
taken  out  in  the  large  open  cuts  along  the  outcrop,  and  at  present 
the  cross-cuts,  reaching  the  bed  from  the  east  side  of  the  hill,  re- 
move only  the  upper  bed  down  to  the  slate  parting. 

This  system  of  mining  is  provisional  and  temporary  only,  it  being 
found  difficult,  with  the  broken  nature  of  the  roof,  to  mine  the  entire 
bed  by  tunnels  and  drifts. 

Even  at  a  depth  of  only  30  feet  from  the  outcrop,  lenticular  or 
rounded  masses  of  the  "  hard  ore"  variety  (so  largely  found  beneath 
water-level)  have  been  encountered,  but  nowhere  in  the  workings 
above  water-level,  in  appreciable  quantity.  At  about  80  feet  be- 
neath the  outcrop  the  ore  seems  to  be  slightly  more  calcareous. 

The  average  daily  output  reaches  about  750  tons,  which,  it  is 
claimed,  can  be  put  on  the  cars  at  a  cost  not  exceeding  50  cents  a 
ton,  and  laid  down  at  Birmingham  furnaces  for  about  $1.15  to  $1.25 
per  ton. 

The  ore-outcrop  extends  along  the  East  Red  Mountain,  south  of 
Birmingham,  a  distance  of  at  least  35  miles,  to  Vance's  station,  and 
varies  in  thickness  from  4'  to  22'.  Opposite  Birmingham  and  down 
as  far  as  Grace's  Gap,  about  5  miles,  the  ore  seems  to  be  quite  sili- 
ceous. 

On  the  West  Red  Mountain,  no  ore  bed  over  6  feet  thick  has 
been  found,  and  no  mining  operations  are  now  in  [)rogress  there.  At 
the  Eureka  mines  of  Oxmoor  Furnace  Co.,  a  little  farther  northeast 
along  tlie  East  mountain,  the  ore  is  quite  as  thick  as  at  the  Redding 
mines,  though  spread  through  about  30  feet  of  measures,  while  to 
the  southwest,  at  the  Woodward  Furnace  Co.'s  mine,  the  same  gen- 
eral thickness  and  excellence  of  the  bed  is  maintained. 

The  amount  of  brown  ores  (limonites)  being  used  in  the  Birming- 
ham district  on  January  1st,  1S87,  was  too  insignificant  to  warrant 
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much  attention.  A  little  came  to  the  Alice  furnace  from  its  own 
mine  in  the  Lower  Silurian  limestone  No.  11.  of  the  main  valley, 
about  18  miles  south  of  Birmingham,  on  the  Alabama  Great  South- 
ern R.K.  It  is  in  places  there  30  feet  thick,  as  at  Greenpond  sta- 
tion, and  of  fairly  good  quality,  tiiough  rather  high  in  phosphorus. 

The  Mary  Pratt  furnace  was  using  a  little  limonite  from  near 
Davisville,  on  the  Georgia  Pacific  R.R.,  77  miles  east  of  Birming- 
ham, costing  §1.50  a  ton  delivered  at  the  furnace;  and  some  was 
used  at  the  Sloss  furnaces,  from  a  locality  unknown,  but  presumably 
Davisville. 

Average  samples  of  the  ores  were  selected  from  the  stock-piles  at 
the  different  furnaces;  and  the  results  of  the  analyses  of  the  samples 
dried  at  212  F.°  are  as  follows  : 


I 


Red  Ores  from  Clinton  Formation.    No.  V. 

Brown  (Limonite)  Ores. 

a.  Soft  Ore. 

1                6.  Hard  Ore. 

Cambro-Silurian 

Limestone.    No.  II. 

(1) 

C^)     1     (3) 

(4) 

(■^) 

m 

{-) 

(8) 

(9) 

(10) 

Metallic 

iron 

52.425 

52.65052275 

39.525 

39.325 

39.425*41 .7621 

53.750 

49.812  48.500 

Phosphorus 

.262 

.270 

.323 

.341 

.341 1     .325!     .3(17 

.622 

.466     .449 

Siliceous 

"matter... 

17.600 

17.77017.960 

13.08012.050  11.100,28.4501 

8.330 

13.960  19.990 

Phos.inlOO 

1     parts  iron 

.499 

.512 

.618 

.862      .867      .824 

.735 

1.157 

.935 

.926 

;Lime(CaO) 

... 

... 

1 15.040  15.310  15.040 

4.070 

1.  Soft  fossil  at  Slops  furnace,  from  Sloss  mines,  9  miles  south  of  Birmingham. 

2.  Soft  fossil  at  Woodward  furnace,  from  Woodward  mines,  3  miles  east  of 

furnace. 

3.  Soft  fos.'^il  at  Mary  Pratt  furnace,  from  Redding  mines,  8  miles  south  of  Bir- 

mingham. 

4.  Hard  fossil  ore,  Williamson  furnace,  from  Eedding  mines,  8  miles  south  of 

Birmingham. 

5.  Hard  fossil  ore,  Sloss  furnace,  from  Sloss  mines,  9  miles  south  of  Birmingham. 

6.  Hard  fossil  ore,  Woodward  furnace,  from  Woodward  mine,   3  miles  east  of 

Woodward  furnace. 

7.  Gray  f.jssil  ore,  Sloss  furnace,  from  Irondale  mines,  5  miles  northeast  of  Bir- 

mingham. 

8.  Brown  ore  from  Mary  Pratt  stock  pile  ;  mines  at  Davisville,  Alabama. 

9.  Brown  ore  from  Sloss  furnace  stock  pile;  mines  at  Davisville,  (?)  Alabama. 
10.  Brown  ore  from  Alice  furnace  stock  pile  ;  from  Alice  mines,  18  miles  south  of 

Birmingham. 

The  great  uniformity  of  both  the  soft  and  hard  fossil  ores,  as  shown 
in  the  first  six  analyses,  is  very  striking,  unless  it  be  remembered 
that  the  geographical  range  covered  by  the  samples  is  quite  small. 
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The  above  analyses  likewise  show  that  the  ores  are  well  adapted  to 
the  manufacture  of  mill  and  foundry  iron,  while  of  course  they  are 
ruled  out  of  consideration  as  Bessemer  ores,  even  if  used  in  compar- 
atively small  quantities  in  mixtures. 

The  analyses  of  the  brown  ores  show  them  to  be  quite  rich  in 
metallic  iron  and  high  in  phosphorus,  although  quite  as  well  adapted 
for  the  production  of  foundry  iron. 

As  the  samples  were  carefully  taken,  it  is  believed  that  they  fairly 
represent  the  best  average  production  of  the  mines  of  the  Birming- 
ham district. 

Fuel-Supply. — The  fuel-supply  of  the  Birmingham  district  is 
practically  derived  from  one  coal-bed,  the  Pratt  seam  of  the  War- 
rior coal-field.  Although  several  other  seams  of  this  field  are  known 
to  possess  good  coking  qualities,  the  proportion  of  coke  made  from 
them  is  very  insignificant.  The  Pratt  mines,  recently  merged  into 
the  Tennessee  Coal  and  Iron  Com[)any,  furnish  fully  90  per  cent,  of 
the  coal  and  coke  used  in  this  district.  The  Woodward  Coal  and 
Iron  Company  mines  coal  from  its  own  property,  a  few  miles  south 
of  Birmingham,  but  from  the  same  Pratt  seam.  The  reported  de- 
fined area  of  this  bed  in  the  Warrior  field  is  generally  put  at  about 
150  to  175  square  miles.  The  seam  varies  from  4  feet  6  inches  to 
5  feet  6  inches  in  thickness,  but  rarely  averages  over  4|  feet.  It 
carries  a  2  to  3  inch  slate-parting  at  about  7  inches  from  the  top, 
which  is  everywhere  persistent.  Under  the  active  demand  for  the 
coal  and  coke  of  the  Pratt  mines,  too  little  attention  is  frequently 
paid  to  eliminating  this  hurtful  ingredient  from  the  product  of  the 
mines,  and  as  a  consequence,  the  percentage  of  ash  and  sulphur  is 
frequently  excessive.  The  yield  averages  about  4000  tons  an  acre, 
merchantable  coal. 

The  company  operates  on  the  eastern  rim  of  the  Warrior  coal- 
field, a  branch  road  6  or  7  miles  long,  leading  nearly  due  west  from 
Birmingham  to  the  mines.  The  output  may  be  put  down  as  about 
2500  to  3000  tons  a  day,  although  recent  developments  will  increase 
this  considerably.  About  33  per  cent,  of  the  product  is  lump,  the 
balance  being  nut  and  slack,  utilized  in  the  coke-ovens.  The  com- 
pany furnishes  considerable  raw  coal  to  the  furnaces  which  have 
their  own  oven-plants.     Others  buy  the  coke  directly. 

In  January,  1886,  raining  averaged  45  cents  per  ton,  laying  down 
coal  in  Birmingham  for  65  cents,  and  receiving  for  it  $1  to  $1.50 
according  to  grade  of  coal  and  contracts.  Many  of  the  furnaces 
have  special  arrangements  for  a  period  of  years,  the  terms  of  which 
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are  private;  but  the  cost  of  coke  at  any  of  tliese  furnaces  approxi- 
mate.<  82  a  ton,  or  a  little  over  for  the  district. 

Samples  of  the  coke  used  were  taken  from  the  stock-piles  at  the 
ditlerent  furnaces.     The  analyses  show  respectively  : 


I 

I 


Coke  from  Pratt  Coal  Bed,  Warrior  Coal  Field. 

(1) 

(2) 

(3) 

H) 

Water 

.192 

.758 

88.875 

1.182 

8.993 

.130 
1.130 

80.478 
1.049 

11.213 

.180 

.040 

89.104 

.070 

9.346 

.128 
.085 

84.078 
1.879 

12.030 

'  Volatile  matter 

Fixeil  carbon 

Sulplnir 

Ash 

1 
Total j     100.000 

100.000 

100.000 

100.000 

(1)  Pratt  coke  from  Mary  Pralt  furnace  stock-pile;  Pratt  Coal  and  Iron  Co.'s 

mines. 

(2)  Pratt  coke  from  Sloss  furnace  ovens  at  furnace. 

(3)  Pratt  coke  from  Woodward  Iron  Co.  stock-pile;  from  Woodward  mines. 

(4)  Coalburg  coke,  Williamson  furnace  stock-pile;  Coalburg  mines,  Pratt  seam, 

15  miles  from  Birmingliam. 

Sample  Xo.  3  of  the  above  analyses,  from  the  Woodward  furnace, 
was  made  from  the  Pratt  .seam  on  the  company's  lands,  about  2  miles 
west  of  the  furnace  site.  Its  superiority,  as  shown  by  the  analysis, 
is  no  doubt  due  more  to  the  greater  care  taken  in  the  preparation  of 
the  coal  for  coking,  than  to  any  inherent  improvement  in  the  quality 
of  the  seam  in  this  part  of  the  field.  The  Coalburg  coke  No.  4  is 
by  no  means  a  good  furnace-fuel,  the  analysis  showing  a  somewhat 
high  ash  and  an  excessive  amount  of  suljihur.  All  the  coke  made 
from  this  Pratt  seam  is  well  spoken  of,  and  its  appearance  and  be- 
havior in  the  furnace  would  seem  to  justify  its  reputation  as  the  best 
fuel  yet  marketed  in  Alabama. 

The  furnace  flux  all  comes  from  the  Subcarboniferous  or  "  moun- 
tain limestone"  formation,  and  as  far  as  ascertained,  almost  entirely 
from  the  Trussville  quarries,  20  miles  north  of  Birmingham,  on  the 
Alabama  Great  Southern  K..R.  This  limestone  is  a  gray  crystalline 
rock,  quite  persistent  throughout  the  State,  but  splendidly  devel- 
oped at  Tru.ssville,  where  it  can  be  cheaply  quarried  and  conveyed 
to  Birmingham  for  70  to  80  cents  a  ton.  No  better  fluxing  stone 
than  the  mountain  limestone  need  be  desired. 

From  the  best  information  we  could  obtain  concerning  the  fur- 
nace-practice of  this  district,  about  1|  tons  of  coke  are  used  per  ton 
of  iron,  requiring  2J  tons  of  ore. 
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At  Williamson  furnace  they  were  using  (January  1,  1887),  one- 
third  hard  and  two-thirds  soft  fossil  ore;  at  Mary  Pratt  entirely 
soft  fossil,  with  40  per  cent.  Trussville  limestone  as  flux,  although 
both  hard  fossil  and  liraonites  are  occasionally  used  in  the  burden. 

AVoodward  furnace  was  running  on  half  hard  and  half  soft  fossil 
ores  from  the  company's  mines,  with  20  per  cent,  limestone  flux. 

The  Chattanooga  District. 

The  Chattanooga  district  of  Tennessee  can  not  be  so  readily  de- 
fined, even  for  the  purposes  of  this  paper,  as  its  more  southern  com- 
petitor. The  Tennessee  coke-furnaces  are  not  so  compactly  situated, 
and  the  sites  at  Rockwood,  Dayton  and  South  Pittsburgh  are  all 
little  districts  in  themselves.  The  raw  material,  however,  used  by 
all  of  them  differs  but  slightly;  and  as  the  character  of  the  furnace- 
stock  was  the  main  object  of  our  inquiry,  it  will  perhaps  suffice  to 
record  the  results  of  analyses  from  the  stock  piles  at  the  Citico  and 
Chattanooga  Iron  Co.'s  furnaces  at  Chattanooga. 

Chattanooga  is  served  by  the  East  Tennessee,  Virginia  &  Georgia 
R.R.,  embracing  a  system  of  1475  miles  to  points  east,  west  and 
south,  and  by  the  Cincinnati,  New  Orleans  &  Texas  Pacific  R.R. 
(Queen  Crescent  route),  and  Nashville,  Chattanooga  &  St.  Louis, 
AYestern  &  Atlantic  R.R.,  to  points  north,  south  and  west. 

By  the  first  named  road  and  connections,  Knoxvilleis  111  miles; 
Bristol,  242  miles;  Norfolk,  650;  Atlanta,  152;  Savannah,  442 ; 
Mobile,  356  ;  New  Orleans,  497;  Memphis,  310.  By  the  Queen 
Crescent  route  Cincinnati  is  335  miles;  Birmingham,  143  miles; 
Meridian,  295  miles.  By  the  Nashville,  Chattanooga,  and  St.  Louis, 
R.R.  and  connections,  Nashville  is  151  miles ;  Columbus,  332  miles  ; 
and  St.  Louis,  492  miles.  By  the  Western  &  Atlantic,  it  is  140 
miles  to  Atlanta. 

Geologically,  Chattanooga  is  situated  quite  similarly  to  Birming- 
ham, possessing  however,  a  much  superior  water  system  through 
the  Tennessee  river,  which  is  soon  to  be  rendered  navigable  west- 
ward by  means  of  National  appropriations. 

Like  Birmingham,  the  city  is  located  in  a  valley  of  Cambro- 
Silurian  limestone;  but  in  this  more  northern  locality  there  is  no 
representation  of  the  eastern  or  Cahaba  coal-field,  all  the  true  coal 
measures  lying  on  the  west  side  of  the  valley. 

Opportunity  did  not  permit  a  personal  examination  of  the  coal 
and  ore-fields  of  Tennessee,  and  we  are  indebted  to  Messrs.  Chamber- 
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lain  and  Colyar  of  Chattanooga,  for  much  of  the  detailecl  informa- 
tion wliich  follows. 

Ore-Supplif. — The  ore  for  tiie  Chattanooga  furnaces,  as  well  as  for 
tlu>se  of  Rockwooil,  Dayton  and  South  Pittsburg,  is  derived  mainly 
from  the  Clinton  group  of  rooks,  as  in  Alabama,  here  poi)ularly 
known  as  the  "  dyestone "  or  "fossil-ore"  grouj).  The  bods  are 
much  thinner  than  at  Birmingham,  and  are  not  split  as  in  Alabama, 
but  ocvur  as  a  single  bod  far  to  the  north  and  into  Virginia,  varying 
from  3  to  7  feet,  but  rarely  reaching  the  latter  figure,  3  to  4  feet  being 
thought  an  average  thickness.  The  ore-bearing  Clinton  measures 
create  a  marked  and  very  jiorsistent  line  of  hills,  bugging  the  southeast 
base  of  the  Cumborlaml  plateau  all  the  way  from  the  Virginia  line 
to  Chattanooga;  but  the  ore  itself  is  every  where  thin  in  this  range. 
All  portions  of  this  outcrop  are  fairly  accessible  to  the  Cincinnati 
Southern  Ixailroad,  which  runs  i)arallel  with  it  west  of  the  Tennessee 
river  for  77  miles  north  of  Chattanooga,  entering  the  Cumberland 
coal-field  at  Emory  Gap.  The  ore  has  been  worked  here  at  the 
Oakdale  furnace;  further  south,  at  Rockwood,  70  miles  from  Chat- 
tanooga ;  and  at  Dayton  furnace,  38  miles  north  of  Chattanooga. 

The  normal  dip  of  the  ore  is  westward,  and  under  the  coal-field ; 
but  it  is  frequently  quite  irregular  in  dip  as  well  as  thickness.  The 
soft  ore  from  the  general  range  is  reported  as  varying  between  40 
and  50  per  cent,  of  metallic  iron,  and  usually  about  .6  per  cent,  of 
phosphorus. 

A  second  more  important  and  more  largely  developed  range  of 
this  Clinton  ore  occurs  on  the  east  side  of  the  Tennessee  river,  in 
a  generally  parallel  line  of  hills,  quite  as  persistent  as  those  already 
mentioned.  All  the  red  ore  of  the  State,  furnished  to  the  two 
mentioned  Chattanooga  plants,  comes  from  this  range,  which  also 
supplies  the  Rockwood  furnaces  now.  Both  the  East  Tennessee,  Vir- 
ginia and  Georgia  Railroad  and  theTennesseeriver  assist  materially 
in  developing  this  range. 

Still  another  range  of  these  ores  occurs  along  the  Sequatchie 
Valley.  This  valley,  running  NE.  and  SW.  a  few  miles  west  of 
Chattanooga,  and  watered  by  the  Sequatchie  river,  marks  an  anti- 
clinal of  profound  importance  in  a  structural  view  of  the  region, 
extending  far  to  the  southwest  into  Alabama,  where  it  bifurcates  the 
^yarrior  coal-field  to  below  the  latitude  of  Birmingham.  The 
Sequatchie  Valley  is  separated  from  the  main  valley  of  the  Tennessee 
on  the  east,  by  Wallen's  ridge,  a  lofty  arm  of  the  Cumberland 
Mountains,  made  up  largely  of  the  Devonian  and  Subcarboniferous 
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measures,  with  some  of  the  lower  coals  well  up  toward  the  summit, 
and  carrying  along  its  north  or  Sequatchie  Valley  base,  a  line  of 
foot-hills  of  the  Clinton  measures,  the  valley  itself  being  No.  II. 

To  the  west  of  this  valley  the  main  Cumberland  coal-field  occurs 
— topographically  a  broad  plateau,  crowned  with  the  Sewanee  coal 
seam,  the  typical  coking  coal  of  Tennessee. 

The  use  of  the  brown  ores  of  Tennessee  from  the  Silurian  lime- 
stone formation  was  nowhere  reported  to  us.  Those  used  in  Chatta- 
nooga come  from  Georgia. 

Samples  of  the  iron-ores  used  at  Chattanooga  were  selected  from 
the  stock  piles  of  the  furnaces  of  t'lie  Citico  Company  and  the  Chat- 
tanooga Iron  Company,  and  the  results  of  analyses  of  them,  dried 
at  212°  F.,  are  given  below  : 


Red  (Dyestone)  Ore,  Clinton  Formation.    No.  V. 

Brown 

(Limonite) 

Ore. 

No.  II. 

a.  Soft  Fossil  Ore. 

6.  Hard 
Fossil  Ore. 

(1) 

(2) 

(3) 

(4) 

(5) 

Metallic  iron 

56.250 

.611 

9.570 

1.086 

44.700 

.429 

19.760 

.959 

49.150 

.607 

14.480 

1.235 

26.600 

.388 

8.210 

1.458 
27.070 

53.425 

.205 

11.330 

.383 

Phosphorus 

Siliceous  matter 

Phosphorus  in  100 

Lime  (CaO) 

(1.)  Soft  fossil  ore,  Chattanooga  Iron  Company's  furnace,  from  Attala  mines  on 
A.  G.  S.  R.R.,  80  miles  south  of  Chattanooga. 

(2.)  Soft  fossil  ore,  Citico  furnace,  from  Tennessee  Iron  Company,  Rees  & 
Roberts  mine,  70  to  125  miles  northeast  of  Chattanooga,  on  eastern  range. 

(3.)  Soft  fossil  ore,  Citico  furnace,  from  Hill  &  Kindrick's  mine,  60  miles  north- 
east of  Cliattanooga. 

(4.)  Hard  fossil  ore,  Citico  furnace;  mixed  pile,  from  Hill  &  Kindrick  and  Bond 
&  Warner  mines. 

(5.)  Brown  (limonite)  ore;  Chattanooga  Iron  Company  ;  sample  of  f  lump  and 
J^  fine  ore  from  Buford  mine,  Cartersville,  Georgia,  about  80  miles  south- 
east from  Chattanooga. 

Fuel-Supply. — The  coke  supplied  to  the  Tennessee  furnaces  is 
made  entirely  from  coal  within  the  State,  and  it  is  revealing  no 
secret  to  say  that  it  is  in  the  main  unsatisfsictory.  Unfortunately, 
in  the  field  most  conveniently  located  with  relation  to  the  red  ores 
of  the  State — that  of  Wallen's  ridge — the  coals  are  thin,  irregular, 
and  high  in  both  sulphur  and  ash.  Geologically,  they  may  be  re- 
ferred to  the  lowest  coal-measures.     These  coals  occur  also  in  the 
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Seqiiatcliie  Valley  and  Dade  County,  Georgia,  near  Chattanooga, 
as  a  point  of  consumption. 

Several  eokes  were  sampled  at  the  Citieo  and  Chattanooga  fur- 
naces, the  analyses  of  which  are  given  below  ;  but  little  information 
could  be  obtained  as  to  the  relative  position  of  the  coal-bed  furnish- 
ing the  raw  material,  or  the  character  of  the  coal  itself.* 

The  results  of  analyses  of  samples  of  coke,  all  selected  from  stock- 
piles at  the  furnaces,  are  as  follows  : 


f 


1 

Tennessee  Cokes. 

(1) 

(2) 

(3) 

(4) 

1 

1  Water 

•'  Volatile  matter 

.856 
1.160 

85.450 
1.451 

11.083 

.218 
1.055 

79.839 
2.132 

16.756 

.172 
1.098 

80.823 
2.127 

15.780 

.542 

1.091 

75.941 

.670 
21.756 

Fixe*!  carlnm 

Sulphur 

Ash 

Total 

100.000 

100.000 

100.000 

100.000 

(1.)  Etna  coke,  Citieo  furnace,  from  Etna  mines,  13  miles  from  Chattanooga. 
(2.)  Daisy  coke,  Citieo  furnace,  from  Daisy  mines,  15  miles  from  Chattanooga. 
(3.)  Soddy  coke,  Citieo  furnace,  from  Soddy  mines,  20  miles  from  Chattanooga. 
(4.)  Dade  coke,  Chattanooga  Iron  Company's  furnace,  from  Dade  mines,  Georgia, 
25  miles  from  Chattanooga. 

The  two  Chattanooga  furnaces  from  which  the  above  ores  and 
cokes  were  sampled,  have  the  following  dimensions  and  estimated 
output : 

Citieo  furnace,  1  stack,  69^x16^,  capacity,      .        .        .     30,000  tons. 
Chattanooga  Iron  Company,  1  stack,  6Fx  13^,  capacity,     20,000  tons. 

The  iron  produced  here  is  the  various  grades  of  mill  and  foundry. 
Both  use  practically  the  same  ore  supply.  The  ore  (dyestone) 
varies  from  4  to  7  feet  in  thickness. 

The  cost  of  the  hard  fossil  is  given  as  $1.40  per  ton  at  the  fur- 
nace ;  the  soft  fo.ssil  -$1.60  per  ton  ;  the  Attala  (soft  fo.ssil)  ore  $2,  and 
the  Cartersville  liraonite  ore  $2.80.  The  cost  of  coke  is  about  $2.50 
per  ton  ;  and  both  furnaces  use  about  2  tons  per  ton  of  iron  made. 

The  large  amount  of  coke  used  per  ton  of  metal  is  readily  ex- 
plained by  its  inferior  quality,  as  shown  by  the  above  analyses,  and 

*  See  on  these  points  some  interesting  remarks  in  the  paper  of  Mr.  J.  B.  Porter 
on  "The  Iron  Ore  and  Coals  of  Alabama,  Georgia,  and  Tennessee,"  read  at  the 
Bethlehem  meeting.  May,  1886. 
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a  better  furnace-coke  is  much  to  be  desired  by  the  district.  The 
coke  from  the  Sewanee  seam,  which  is  reported  to  be  of  better 
quality,  is  not  used  at  the  Chattanooga  furnace,  and  consequently 
no  sample  could  be  obtained  for  analysis.  All  the  Tennessee  coal- 
beds  utilized  for  coking  are  generally  thin  (from  8'  to  5'  thick),  and 
some  of  them  quite  variable.  The  Sewanee  bed  is  usually  inacces- 
sible, and  consequently  difficult  to  mine  and  market. 

3.  The  Cripple  Creek  District. 

The  Cripple  Creek  district  of  southwest  Virginia  is  at  present 
the  least  developed  of  the  three  regions  taken  for  comparison,  and 
therefore  the  figures  given  below  are  necessarily  only  estimates, 
founded  upon  the  character  of  the  raw  material  which  that  region 
contains.  But  unless  all  signs  fail,  this  section  will  soon  command 
the  attention  of  large  capital,  as  in  fact  it  is  already  beginning  to 
do  ;  and  its  claims  for  recognition  are  founded  upon  no  uncertain 
basis. 

Leaving  out  of  a  discussion  the  existing  plants  at  Roanoke  and 
the  upper  portion  of  the  Valley  of  Virginia,  and  considering  only 
the  Cripple  Creek  field  in  its  unity,  furnace-plants  at  Pulaski  or 
Central  will  be  in  a  position  to  compete  for  the  supremacy  of  the 
South  upon  a  very  favorable  basis. 

Pulaski  is  situated  on  the  main  line  of  the  Norfolk  and  Western 
Railroad  at  the  junction  of  the  new  Cripple  Creek  division,  a 
branch  line  of  the  former  railroad,  already  substantially  constructed, 
equipped,  and  in  operation  to  Foster  Falls,  22.3-i  miles,  and  largely 
graded  and  located  to  Speedwell  in  Wythe  County,  a  total  distance 
of  47  miles  from  the  starting  point,  all  through  the  heart  of  a 
splendid  limonite  ore-belt.  Pulaski  is  15  miles  from  Central ;  90 
miles  from  Pocahontas;  58  miles  from  Roanoke;  316  miles  from 
Norfolk  ;  372  miles  from  Harrisburg;  483  miles  from  Philadelphia; 
and  573  miles  from  New  York,  all  rail  routes  to  the  North  and 
East.  Westward  it  is  92  miles  to  Bristol ;  334  miles  to  Chatta- 
nooga, and  477  miles  to  Birmingham. 

Central,  also  on  the  main  line  of  the  Norfolk  and  Western  Rail- 
road at  the  junction  of  the  New  River  division,  lies  15  miles 
further  east;  therefore,  but  75  miles  from  the  great  Flat  Top  coal- 
field at  Pocahontas,  and  relatively  nearer  the  Eastern  markets  by 
15  miles.  Both  of  these  j)laces  afford  excellent  furnace  sites;  and 
both  of  them  would  draw  their  supply  of  raw  material  from  prac- 
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tically  tlie  Siime  source:  the  ores  from  along  tlie  Cripple  Creek  divi- 
sion ;  the  coke  from  the  Flat  Top  fieKl. 

OrtSupph/. — The  iron-ores  going  to  make  up  the  main  supply 
of  these  furnaces  would  naturally  come  from  the  New  River  Cri})ple 
Ci-eek  valley,  although  the  Cranberry  magnetites  could  belaid  dt)wn 
at  Pulaski  by  a  haulage  of  151  miles,  as  against  251  miles  toChatta- 
noog:\  and  394  miles  to  Birmingham,  should  such  ores  be  desired 
for  n)ixtnre  for  Bessemer  purposes  in  the  future.  And  moreover, 
any  advantages  to  accrue  in  the  future  to  the  Chattanooga  and 
Birmingham  districts  by  the  development  of  similar  Bessemer  de- 
posits in  eastern  Alabama  and  Georgia,  is  fully  compensated  for 
by  the  probability  of  equal  success  in  the  development  of  similar 
ores,  occurring  iu  the  same  geological  formations  to  the  south  of  the 
Cripple  Creek  valley,  and  within  easy  access  when  found.  But  it 
is  manifestly  premature  to  bring  any  such  factors  into  a  discussion 
of  the  present  situation,  for  as  yet  these  ores  are  not  known  to  exist 
to  the  advantage  of  either  district,  or,  if  known,  are  certainly  not  in 
the  market  at  the  present  time. 

The  Cripple  Creek  ore-supply  consists  entirely  of  brown  hematites 
or  limonites  from  two  grand  geological  horizons :  1st.  A  lower, 
slightly  leaner  and  harder  limonite,  generally  referred  to  the  transi- 
tion slates  occurring  between  the  Potsdam  sandstone  No.  I  and  the 
Cambro-Silurian  limestones  No.  II,  and  locally  known  as  the 
"mountain  ores;"  and  2d,  an  upper,  generally  neutral,  richer  and 
less  siliceous  limonite,  occurring  in  the  body  of  the  great  valley 
limestone  formation,  and  called  locally  "  limestone  ores."  Almost 
the  entire  ore-supply  of  the  numerous  charcoal-furnaces  of  this 
valley  has  come  from  the  second  variety  of  ore,  and  the  product 
of  the  furnaces  has  won  and  maintained  for  years  a  superior  repu- 
tation for  all  the  uses  of  charcoal-iron. 

It  is  quite  probable  that  future  detailed  Avork  in  this  region  may 
demonstrate  a  subdivision  of  one  or  both  of  these  horizons ;  but  for 
the  purposes  of  this  paper  it  will  be  quite  sufficient  to  regard  them 
as  confined  to  two  main  horizons. 

Here  a  marked  contrast  may  be  noted  between  the  geological 
character  of  the  ores  furnished  to  the  Birmingham  and  Chattanooga 
districts  and  that  upon  which  the  Virginia  furnaces  must  rely. 
While  the  coke-furnaces  of  the  latter  district  must  draw  their  entire 
supply  from  one  or  the  other  of  these  classes  of  limonites,  or  a  mix- 
ture of  them,  this  kind  of  ore  is  used  to  a  very  limited  extent  only 
in  the  Chattanooga  district,  and  in  but  a  slightly  greater  amount  in 
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Birmingham ;  say,  in  some  cases,  5  or  10  per  cent.,  ipost  of  the 
furnaces  running  entirely  on  the  red  ores  of  the  Clinton  formation, 
as  already  shown  in  the  early  part  of  this  paper. 

The  acce.ssibility  of  the  limonite  ores  of  the  Cripple  Creek  valley 
of  Virginia,  the  remarkable  uniformity  in  character  and  quality  of 
the  limestone  ores,  their  high  grade  and  freedom  from  phosphorus 
and  siliceous  matter,  have  forcibly  presented  themselves  to  us  during 
extensive  and  repeated  surveys,  and  it  is  no  exaggeration  to  say  that 
compared  with  other  known  and  developed  limonite  deposits  of  No. 
II,  this  Cripple  Creek  field  is  unique  in  many  particulars,  and  not 
excelled  anywhere  in  the  features  just  mentioned. 

In  a  future  paper  possibly,  an  opportunity  will  present  itself  to 
offer  in  some  detail  a  description  of  the  geological  structure  of  this 
interesting  region,  its  mineral  resources  and  its  special  economical 
features. 

For  the  present  it  is  sufficient  to  submit  analyses  of  the  ores,  dried 
at  212°  F.,  all  personally  sampled  by  us  and  incorporated  without 
any  selection  in  the  two  following  lists,  according  to  their  determined 
geological  horizons : 


Ores  associated  with  Potsdam  Sandstone  Formation.    No.  1. 

0.  Mountain  Ores  in  Potsdam  Slates. 

b.  Mountain 
Ores  in 
Potsdam  Sand- 
stone. 

(1)* 

(2)* 

(3) 

(4) 

(5) 

(6) 

(•?) 

Metallic  iron 

51.100 

.399 

10.150 

.780 

44.700 

.539 

19.590 

1.205 

52.400 

.554 

7.620 

1.057 

49.550 

.117 

8.810 

.236 

49.450 

.530 

10.020 

1.071 

46.400 
1.070 

15.350 
2.306 

43.750 

.878 

20.910 

2.006 

Piiosphorus 

Si  1  iceoiis  matter 

Phos.  in  100  parts  iron... 

1.  Farris  property,  one-quarter  mile  east  from  Big  Reed  Island  creek,  on  west 

slope  of  Mack's  mountain,  Pulaski  County. 

2.  Southern  property.  If  miles  from  Cripple  Creek   Railroad,  on  south  side  of 

Little  Reed  Island  creek. 

3.  R.  J.  Tipton  heirs,  about  2  miles  from  Foster  Falls,  Cripple  Creek  R.R. 

4.  Crawford  property,  6  miles  from  New  River,  via  Little  Reed  Island  creek. 

5.  Wythe  Lead  and  Zinc  Co.,  2  miles  southwest  from  New  River  at  Ivanhoe  fur- 

nace, at  base  of  Poplar  Camp  mountain. 

6.  Crawford  property,  5^  miles  from  New  River  via  Little  Reed  Island  creek. 

7.  Wythe  Lead  and  Zinc  Co.,  2  miles  southwest  of  Ivanhoe  furnace,  on  Poplar 

Camp  mountain. 


*  The  exact  horizon  of  Nos.  1  and  2  is  uncertain,  but  is  most  probably  to  be  re- 
ferred to  the  Potsdam  slates. 
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In  the  above  table  the  average  of  Group  (a)  shows  metallic  iron, 
49.440;  phosphorus,  .428 ;  siliceous  matter,  11.238  ;  phosphorus  in 
100  parts  iron,  .860. 

Group  [b)  average  shows:  metallic  iron,  45.075;  phosphorus, 
.974  ;  siliceous  matter,  J  8.130;  phosphorus  in  100  parts  iron,  2.156. 


Limei<tone  Ores  associated  with  the  Camhro-Silarian  Limestone^ 

Ko.  II. 


Locality  and  Property. 

Iron. 

Phos- 
phorus. 

Siliceous 
matter. 

Phos.  in 

100  parts 

iron. 

'     1  Calfee  on  Xew  Eiver,  from  above  Crozer 

Station  ;  lump  ore 

55.800 

.079 
.047 

6.410 
5.750 

.141 

.083 

2  Jolinson,  If  m.  from  Crozer  Sta. ;  lump  ore.. 

56.500 

3         "            "          "               "           wasli  ore..  56.400 

.065 

5.820 

.115 

4  StMitliern    "          "               "          north  side 

Little  Reeil  Island  creek,  lump  ore 

57.900 

.052 

5.310 

.089 

5  Tipton,  near  Boom  furnace,  2^^  miles  from 

railroad  ;  lump  and  wash  ore 55.850 

.114 

6.820 

.204 

6  C.  Hurst,  3  miles  up  Little  Reed  Island 

creek'  lump  ore 

54.400 
57.500 
52.500 
52.875 

.048 
.046 
.198 
.082 

6.320 
5.180 
6.800 
6.910 

.088 
.080 
.377 
.155 

7  X.  Savers,  ditto  ;  lump  and  wasii 

ore 

S  Wm.  Hurst,  ditto*  mostiv  wash 

org 

9  Hurst  prop.  Crozer  Steel  &,  Iron 

Co.,  ditto.. 

,   10  Jos.  R.  Stephens  tract,  No.    1 

A    SJ   i  ^ 

~3  «r  57.900 

1             opening;  wash  ore 

.173 

4.600 

.298 

11  Ditto,  No. 2  opening  ;  lump  ore 

^■^'Z''^ 

56.500 

.053 

5.400 

.093 

12  Ditto,  No.  2        "         wash    " 

r  ~   r  ■- 

52.050 

.116 

10.380 

.222 

1   13  Ditto.  No.  3        "         lump   " 

57.300 

.045 

4.620 

.078 

14  Ditto,  No.  3        "         wash    " 

^  ,B  --"z- 

55.050 

.055 

6.G10 

.100 

15  Ditto,  No.  4        "         lump   " 

J|2.|l56.925 

.050 

5.380 

.088 

1  16  Ditto,  No.  5        "        lump  " 

^i^'xO  57.875 

.040 

4.260 

.069 

j  17  Ditto,  No.  5        "        wash    " 

^  =  1  "2  '53.000 

.043 

8.430 

.081 

18  Ditto,  No.  6      lump  and  wash 

Oj^  K 

52.150 

.051 

8.670 

.098 

19  Ditto,  No.  7        "        lump   " 

^i-v,^ 

57.700 

.058 

4.280 

.100 

20  Widow  Stevens  tract,  lump   " 

^f  J  •^'54.075 

.073 

7.950 

.135 

21  Ditto,                           lump,   " 

•C'^^^  |56.400 

.047 

5.690 

.083 

22  Wheeler  tract,  lump  ore J 

ZJ 

53.875 

.038 

7.260 

.070 

23  Crawford,  oi  m.  from  New  River,  via  Little 

Reed  Island  creek  ;  lump  ore 

54.000 

.050 

6.820 

.092 

24  New  Bank,  Major  Graham,   1   mile  from 

Carter's  Ferrv 

51.850 

.075 

9.010 

.144 

25  Major  Graham,  \\  m.  from  Carter's  Ferry  ; 

lump  ore ,53.050 

.093 

8.800 

.175 

26  New  River  Mineral  Co.,  1  m.  S.  W.  Ivanhoe 

furnace;  lump  ore 

52.750 

.094 

7.460 

.178 

27  Ditto,  \  m..S.W.  Ivanhoe  furnace;  wash  ore.. 

56.775 

.060 

4.580 

.105 

28  Graham  &  Robinson  tract,  J  in.  from  Cripple 

Creek  R.  R.,  and  IJ  m.  west  of  Ivanhoe 

furnace  ;  lump  ore 

56.900 

.148 

5.700 

.260 

29  Ditto,  No.  2  opening,  ditto;  lump  ore 

51.800 

.030 

5.140 

.058 

30  Beverly  furnace,  Porter  Ore  Bank  ;  wash  ore 

53.450 

.164 

8.830 

.306 

31  Gannawavtract/'redore";  wa.sh  ~|   —    .-^v  50.250 

.110 

14.760 

.219 

32  Ditto,  "yellow  ore";  wash 1   ^  |;5"os  51.300 

.207 

10.990 

.403 

33  Kitchen' Farm;  lump  ore j    sj  m--|  53.450 

.064 

9.640 

.119 

34  Shaft  near  old  wr)rkings;  lump  J   '^'^  -^'^  oo.9o0 

.112 

4.250 

.200 
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Six  analyses  made  from  samples  collected  during  a  previous 
survey,  and  incorporated  in  "Mineral  Wealth  of  Virginia"  (Mc- 
Creatli),sho\v  an  average  composition  for  the  mountain  ores  of  group 
(a),  as  follows:  metallic  iron,  50.841;  phosphorus,  .196  ;  siliceous 
matter,  10.332  ;  phosphorus  in  100  parts  iron,  .886.  And  a  similar 
averaging  of  two  samples  of  the  Potsdam  ore  of  group  (6)  gave 
metallic  iron,  50.975;  phosphorus,  1,308;  siliceous  matter,  7.220 ; 
phosphorus  in  100  parts  iron,  2.571. 

The  average  of  tliese  34  samples  of  limestone  ores  shows  :  metallic 
iron,  54.766;  phosphorus,  .082;  siliceous  matter,  6.907;  phosjjhorus 
in  100  parts  iron,  .150. 

The  average  of  17  additional  analyses  of  these  limestone  ores, 
from  this  same  region,  but  from  different  openings  (see  "  Mineral 
Wealth  of  Virginia,"  and  vol.  xii.,  of  the  Transactions),  gave  : 
metallic  iron,  54.514;  phosphorus,  .106;  siliceous  matter,  7.09  1 ; 
phosphorus  in  100  parts  iron,  .194. 

It  is  certainly  remarkable  and  a  point  of  much  importance  to  the 
region,  that  these  limestone  ores  show  such  a  wonderful  uniformity 
over  a  territory  of  fully  40  miles  in  length,  and  from  1  to  3  miles 
in  width.  The  analyses  of  many  of  them  show  them  to  be  well 
within  the  limits  for  Bessemer  purposes;  indeed,  one  half  of  them 
might  be  classed  as  Bessemer  ores,  or  ores  which  would  yield  a  pig 
iron  containing  not  over  .1  per  cent,  of  phosphorus. 

From  an  extended  survey  of  this  region,  it  would  be  well  to  state 
that,  although  a  considerable  amount  of  lump  ore  can  be  obtained 
at  many  points  in  the  district,  the  larger  bulk  of  the  ore  to  be  mined 
will  be  wash-ore.  While  it  was  not  possible  to  obtain  from  the 
various  cliarcoal-furnaces  of  the  region  data  upon  which  to  base  an 
absolute  calculation  of  the  ore-yield  from  the  wash-material,  the 
general  claim  is  that  2  tons  of  material  will  yield  one  ton  of  clean 
wash-ore,  and  this  would  seem  to  be  confirmed  by  our  own  tests 
made  from  5  different  pits,  and  from  samples  weighing  from  14 
pounds  to  93  pounds,  which  yielded  the  following  percentages  of 
clean  wash-ore  :  41  per  cent.,  53  per  cent.,  57  per  cent.,  59  per 
cent.,  60  per  cent.  In  addition  to  the  fact  that  the  ore-material  is 
of  great  richness,  the  associated  clay  can  be  readily  washed  out; 
and  moreover,  the  region  is  naturally  well  supplied  with  a  bounti- 
ful amount  of  water  at  all  seasons,  a  point  of  considerable  importance 
when  we  consider  the  large  proportion  of  wash-ore  that  will  be 
mined. 

It  has  already  been  stated  that  this  field  is  as  yet  practically  un- 
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developeil  ;  but  the  construction  of  the  Cripple  Creek  extension  of 
the  N.  <t  W.  R.K.  through  the  heart  of  the  ore-bearing  territory, 
antl  the  laeility  with  which  cheap  branch  h'nes  can  be  extended  to 
all  parts  of  the  field,  will  undoubtedly  lead  to  an  early  utilization 
of  these  ores  in  large  quantities.  Indeed,  already  a  considerable 
tonnage  is  daily  taken  to  the  Crozer  furnace  at  Roanoke.  Ship- 
ments of  them  have  also  been  made  to  Pennsylvania;  and  the  early 
completion  of  a  large  coke-plant  at  Pulaski  is  assured. 

For  many  years  this  ore  should  be  mined,  washed,  and  put  upon 
the  cars  for  a  cost  not  exceeding  75  cents  a  ton  for  actual  mining 
operations,  exclusive  of  royalty  ;  and  this  would  hold  good  through- 
out much  of  the  region. 

Fuel-Supply. — The  coke  for  furnaces  in  Southwest  Virginia  will 
be  entirely  drawn  from  the  Flat-Top  field.  On  January  1,  1887, 
the  daily  production  of  coal  from  the  great  Pocahontas  or  No.  3 
bed  was  about  3500  tons  net.  The  coke  produced  either  by  the 
S.W.  Virginia  Improvement  Company  or  from  individual  lessees 
of  the  Bluestone  Coal  Company  amonnted  to  60,000  tons  in  1886. 
Two  hundred  (200)  ovens  supplied  the  coke,  although  the  ra])id 
development  of  the  business  has  called  for  the  erection  of  1090 
more,  already  contracted  for,  and  to  be  ready  for  operation  during 
the  coming  year. 

In  the  purity  and  general  excellence  of  its  coke  and  the  cheapness 
with  which  the  raw  coal  is  rained,  Virginia  is  well  in  advance  of 
either  Alabama  or  Tennessee;  so  that  there  is  no  question  that  up  to 
this  time  the  Cripple  Creek  furnaces  could  have  a  supply  of  coke 
unexcelled  by  the  product  of  either  of  those  States.  The  distance 
to  point  of  consumption  is  greater  than  for  the  furnaces  in  either  of 
those  districts  we  have  taken  for  comparison ;  but  the  natural  ad- 
vantages of  raining  at  Pocahontas  raust  count  for  soraething  in  the 
long  run,  and  it  is  quite  probable  that  to-day,  the  cost  of  a  ton  of 
coke,  considering  its  effective  duty,  would  be  no  greater  delivered  at 
the  tunnel-head  at  Central  or  Pulaski  than  it  is  at  Chattanooga  or 
Birrainghani. 

The  quality  of  this  Virginia  coal  and  coke  is  already  well  known, 
and  its  reputation  established  by  practical  use  in  the  Roanoke  and 
Lynchburg  furnaces  and  at  various  foundries  in  the  south. 

However,  to  make  the  comparison  more  complete,  the  following 
3  analyses  of  coke  from  samples  taken  by  us  from  the  Flat  Top 
coal-field  are  submitted  : 
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No.  1. 

Water, 182 

Volatile  matter,       .        .        ,        .719 
Fixed  carbon,  .         .         .     92.248 

Sulphur, 565 

Ash 6.286 


No.  2. 

No.  3. 

•196 

.664 

.494 

1.059 

92.585 

92.816 

.677 

.548 

6.048 

4.913 

Total,.        .        .        .     100.000  100.000  100.000 

No.  1.  Soutliwest  Virginia  Improvement  Co.  ovens,  Pocahontas  ;  sampled  Janu- 
ary, 1887. 

No.  2.  Southwest  Virginia  Improvement  Co.  ovens,  Pocahontas;  sampled  June, 
1886. 

No.  3.  Stephenson,  Mullen  &  Co.'s  ovens,  Pocahontas;  sampled  January,  1887. 

It  is  unnecessary  to  comment  upon  the  quality  of  a  coke  showing 
over  92  per  cent,  of  fixed  carbon,  and  with  such  a  low  percentage 
of  sulphur;  and  its  burden-bearing  qualities  in  the  furnace  have 
already  established  it  in  the  list  of  first-class  furnace  fuels.  The 
coke  is  now  delivered  on  board  cars  at  the  mines  at  $1.75  per  ton. 
The  No.  3  or  Pocahontas  coal-bed  of  the  Flat  Top  field  is  advanta- 
geously situated  for  mining  above  water-level  through  a  large  area, 
yielding  about  10,000  tons  per  acre,  from  a  bed  10  to  12  feet 
thick  ;  in  some  portions  of  the  field  split  into  two  distinct  workable 
seams,  and  yielding  about  9  feet  of  coal.  Its  favorable  position,  not 
requiring  pumping,  and  the  ease  with  which  it  can  be  worked, 
renders  it  an  exceedingly  cheap  fuel  as  compared  with  the  Chatta- 
nooga and  Alabama  districts ;  and  the  quantity  of  this  excellent 
coal  is  so  great  as  to  assure  a  future  coke-supply. 

Limestone. — The  flux  for  the  Virginia  furnaces  would  all  be  de- 
rived from  the  purer  portions  of  the  Carabro-Silurian  limestone 
formation  No.  II,  here  again  presenting  a  contrast  to  the  Chatta- 
nooga and  Birmingham  districts,  which  largely,  if  not  entirely,  use 
the  mountain  limestone  of  the  Subcarboniferous  formation.  There 
seems  to  be  an  abundance  of  good  furnace-stone  in  immediate  prox- 
imity to  any  furnace  sites  in  the  Cripple  Creek  region  ;  and  it  is  safe 
to  assume  that  the  item  of  flux  in  Virginia  will  count  for  little,  both 
on  account  of  the  abundance  of  limestone  and  the  comparatively 
small  amount  required  to  flux  the  ores  and  fuel-ash. 

For  the  sake  of  greater  convenience,  and  as  a  means  of  more 
ready  comparison,  the  following  table  has  been  prepared  as  a  sum- 
mary, using  as  far  as  possible  in  each  district,  an  average  composi- 
tion of  the  raw  material  as  represented  by  a  mean  of  the  various 
analyses  of  samples  selected  by  us  and  mentioned  in  this  paper. 
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Summon/,  6v  average,  of  some  Iron-Ons  and  Cokes  of  the  South. 


1                             A.  Iron  Ores. 

Fe. 

P. 

Sil. 
Matter. 

P.  in 

100  pts. 

Fe. 

CaO. 

1.  Birmingham  district. 

.\verage  of  3  samples  soft  fossil  ore 

••          "3        "        hard   "       "  

.Analvsis  "  1        "        grtxy    "      

52.450 
39.425 
41.762 
50.687 

.285 
.336 
.307 
.512 

17.777 
12.077 
28.450 
14.093 

.543 

.851 

.735 

1.006 

15'.i'30 
4.070 

Average  "  3        "    brown  (limonite)  ore, 

2.  Chattanooga  district. 

Average  of  3  samples  soft  fossil  ore 

Analysis  '"  I        "        nii.\ed  hard  fossil... 
"         "  1  limonite  (Buford,  Georgia), 

50.033 
26.600 
53.425 

.549 
.388 
.205 

14.603 

8.210 

11.330 

1.093 

1.458 
.383 

27.070 

3.  Cripph  Creek  district. 

'  Av'ge of  2 samples  (new)  PoLsdam  S.S.ore 
;       "      "          "        (old) 

"      "  5      "        (new)  "Mountain"  ore 
'       "      "  6      "        (old) 

"      "34     "        (new)  limestone  ores... 

"      "  17      "        (old)         "            "    ... 

45.075 
50.975 
49.440 
50.841 
54.766 
54.514 

.974 
1.308 

.428 
.196 
.082 
.106 

18.130 

7.220 

11.238 

10.332 

6.907 

7.094 

2.156 

2.571 
.809 
.386 
.150 
.194 

B.  Cokes. 

Water. 

V.  M. 

F.C. 

S. 

Ash. 

1.  Birmingham  district. 

Average  4  samples  of  coke,  Pratt  seam.... 

.157 

.803 

87.299 

1.195 

10.545 

2.  Chattanooga  district. 
Average  4  samples  Tennessee  coke 

.447 

1.101 

80.513 

1.595 

16.344 

3.  Cripple  Creek  district. 

Average  3  samples  Pocahontas  coke 

.347 

.757 

92.550 

.597 

5.749 

To  .show  how  these  cokes  compare  with  the  standard  Connells- 
ville  coke  of  Penn.sylvania,  the  following  average  of  three  analyses 
of  the  latter,  as  taken  from  Report  MM  of  the  Pennsylvania  Geo- 
logical Survey,  page  107,  is  given  : 


Water. 

V.  M. 

F.C. 

s. 

Ash. 

1    4.  Connellsville  district 

.060 

.427 

88.962 

.810 

9.741 
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Discussion. 

C.  A.  AsHBURNER,  Pittsburgh,  Pa.:  I  think  the  Hocking  Valley 
region  in  Ohio  might  have  been  included  with  propriety  in  the 
comparison  instituted  by  Messrs.  D'Invilliers  and  MoCreath,  since 
its  products  come  into  direct  competition  with  the  Chattanooga  irons. 
I  recently  made  an  examination  of  the  conditions  of  iron-making 
in  the  Hocking  Valley,  and,  although  I  think  the  importance  of 
this  region  has  frequently  been  over-estimated,  yet  I  was  impressed 
with  the  peculiarly  favorable  combination  of  cheap  local  materials 
with  facilities  for  obtaining  Lake  Superior  ores.  This  combination 
of  ores  permits  the  manufacture  of  a  great  variety  of  irons.  There 
are  in  the  Hocking  district  beds  of  brown  ore,  8  to  22  inches  thick 
(probably  averaging  14  inches),  which  can  be  mined  and  washed 
for  $1.15  to  $1.25  per  ton,  though  the  water  is  not  close  at  hand.  If 
this  can  be  done  under  conditions  relatively  so  unfavorable,  it  seems 
to  me  that  the  Cripple  Creek  ores  may  well  be  mined  and  washed  at 
the  cost  named  in  this  paper. 

Dr.  T.  Sterry  Hunt,  Montreal,  Canada  :  I  am  glad  to  hear 
Mr.  Ashburner's  remarks  on  the  Hocking  Valley  district.  I  have 
studied  this  district  since  1873,  and  have  felt  confident  of  its  pros- 
perous future,  although  my  claims  for  it  have,  at  times,  been  ques- 
tioned, and  my  reports  of  its  value  considered  over-estimated.  In 
addition  to  the  carbonate  and  black-band  ores,  there  are  in  this 
region  deposits  of  true  red  hematite,  which  I  believe  to  be  of  con- 
siderable economic  importance.  The  association  of  the  local  coal, 
ores,  and  limestone  with  the  Lake  Superior  ores,  brought  back  in 
the  cars  which  carry  the  coal  to  Cleveland  and  other  points  on  the 
lake,  gives  this  region  a  great  advantage  over  Birmingham  and 
other  localities  which  are  dependent  solely  on  local  ores. 

John  Birkinbine,  Philadelphia,  Pa.  :  \Yhile  recognizing  the 
natural  advantages  of  the  Cripple  Creek  district,  it  is  possible  to 
overrate  them ;  and  a  knowledge  of  the  region  itself,  and  some 
experience  in  mining  and  washing  hematites  elsewhere,  lead  me  to 
consider  that  the  estimate  of  75  cents  per  ton,  given  in  this  paper, 
as  the  cost  of  mining,  washing,  and  putting  upon  the  cars  the 
Cripple  Creek  brown  hematites,  is  too  low  for  continuous  work, 
even  for  the  most  favorably  situated  mines. 

When  it  is  remembered  that  two,  three,  and  often  four  tons  of 
material  must  be  dug  to  })roduce  one  ton  of  washed  ore,  that  as  the 
work  progresses,  pumping  and  hoisting  machinery  must  be  erected, 
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fuel,  supplies,  etc.,  purchased,  the  nuul  from  the  washings  oared  for, 
etc.,  it  will  be  found  that  75  cents  is  very  quickly  absorbed  ;  and 
wlien  to  the  above  we  add  the  necessity  for  repairs  or  removals,  the 
chances  of  slides  or  falls  in  mining,  the  possibility  of  rock  or  clay 
"horses"  to  be  enconntereil,  the  cost  as  given  in  the  paper  is  evi- 
dently too  low  for  a  term  of  years.  In  calculating  for  the  manu- 
facture of  pig-iron,  an  allowance  for  royalty  or  land  purchased  must 
also  be  made. 

An  annoyance  likely  to  be  encountered  in  smelting  these  ores  in 
higii  stacks  is  the  deposit  of  zinc  oxide  in  the  furnace,  resulting 
from  a  sniall  percentage  of  zinc  very  generally  present  in  the  brown 
hematites  of  this  region.  Ijcad  is  also  found  in  some  of  these  ores. 
The  Crij)ple  Creek  region  is  interesting  as  the  locality  where  some 
of  the  oldest,  smallest,  and  most  primitive  blast-furnaces  may  still 
be  seen — built  without  fire-brick,  and  provided  with  square  wooden 
blowing-tubs,  operated  by  water-power,  supplying  one  tuyere  to  a 
stack,  with  open  top  and  open  front. 

A.  S.  McCreath,  Harrisbnrg,  Pa.  (communication  to  the  Secre- 
tary) :  Replying  to  the  remarks  of  Mr.  Birkinbine  in  regard  to  the 
cost  of  mining  the  Cripple  Creek  limestone  ores,  I  would  say  that 
the  cost  as  given  by  us  is  not  intended  to  include  royalty,  but  is 
simply  for  mining  and  washing  the  ores  and  delivering  on  board 
cars  at  the  washers.  The  ore-material  is  frequently  of  unusual  rich- 
ness, and  it  is  indeed  a  rare  operation  where  three  or  four  tons  are 
required  to  produce  a  ton  of  clean  washed  ore.  For  a  private  report 
on  a  property  which  I  had  occasion  to  make  some  months  ago,  I 
personally  made  tests  of  this  very  point,  weighing  the  ore-material 
found  at  the  ])it-mouth,  washing  it  thoroughly,  and  then  weighing 
the  clean  washed  ore.  The  results  showed  a  yield  varying  in  dif- 
ferent pits  from  53  to  60  per  cent,  of  clean  ore.  This  may  be,  of 
course,  higher  than  the  average  for  the  entire  district;  but  I  do  not 
know  of  a  single  operation  where  it  requires  more  than  three  tons 
of  ore-material  to  yield  one  ton  of  clean  washed  ore,  when  the 
mining  is  conducted  judiciously. 

I  have  in  my  possession  in  writing  the  figures  for  a  year's  mining 
operations  for  one  of  the  charcoal  furnaces  of  the  district.  The 
cost  is  given  at  77  cents  per  ton  of  washed  ore,  and  this  sum  includes 
the  delivering  at  the  furnace  of  2066  tons  of  the  product — the  rest 
being  sold  for  shipment.  This  item  of  hauling  the  ore  from  the 
washer  to  the  furnace  is  put  down  at  10  cents  per  ton,  making  the 
ore  cost  at  the  washer  67  cents  per  ton.     This  embraces  the  whole 
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raining  operations  :  opening  new  cuts,  putting  down  tracks,  etc.  I 
have  the  figures  for  another  yearly  operation,  where  the  cost  is  given 
as  60  cents  per  ton  of  washed  ore  at  the  washer.  Quite  recently, 
responsible  parties  have  offered  to  contract  to  deliver  ore  on  board 
the  cars  at  70  and  80  cents  per  ton  for  two  localities  where  it  is  pro- 
posed to  mine  on  a  large  scale;  and  it  is  surely  not  to  be  expected 
that  the  contractor  does  not  anticipate  a  profit  at  these  figures — for 
the  offers  are  made  after  a  considerable  experience  in  mining  these 
Cripple  Creek  ores. 

It  is  not  claimed  that  after  many  years  the  cost  may  not  exceed 
the  sum  named,  but  for  the  present,  at  least,  the  figures  are  believed 
to  be  well  within  the  limits ;  and  that  ores  have  been  mined,  washed, 
and  put  on  board  the  cars  for  75  cents  per  ton  cannot  be  successfully 
disputed. 

I  cannot  agree  with  Mr.  Birkinbine's  views  in  regard  to  the 
annoyance  likely  to  be  encountered  in  smelting  these  ores  in  high 
stacks,  owing  to  the  presence  of  oxide  of  zinc.  It  has  surprised  me 
greatly  to  find  these  iron  ores  so  free  from  zinc.  I  have  examined 
quite  a  number  of  them  from  districts  widely  apart,  and  the  largest 
amount  of  oxide  of  zinc  I  have  found  has  been  0.22  per  cent.,  and 
some  of  them  have  been  entirely  free  from  it.  In  the  ore  where  I 
would  naturally  have  expected  the  most  oxide  of  zinc,  I  found  only 
0.15  per  cent.  In  view,  therefore,  of  the  fact  that  the  Cripple  Creek 
iron-ores  average  very  much  less  oxide  of  zinc  than  many  of  the 
foreign  ores  which  are  now  so  extensively  and  satisfactorily  used  in 
the  large  furnaces  in  this  country,  I  do  not  see  that  any  unusual 
difficulty  need  be  anticipated  from  this  source. 

Dr.  Persifor  Frazer,  Philadelphia,  Pa.:  The  ores  of  the 
Cripple  Creek  region  in  Virginia  merit  the  attention  they  are  re- 
ceiving. In  fact,  the  entire  southwestern  corner  of  old  Virginia, 
between  the  New  and  Clinch  rivers,  gives  promise  of  furnishing  a 
large  quantity  of  ore  and  (owing  to  the  presence  of  an  immense 
supply  of  excellent  coal)  a  very  cheap  pig-iron.  Analyses  have 
been  made  of  a  large  number  of  specimens  personally  collected  by 
myself  in  a  region  lying  between  the  termini  of  the  Pocahontas  coal 
railway.  These  specimens  vary  from  20  to  60  per  cent,  of  metallic 
iron  ;  from  2  to  50  per  cent,  of  insoluble  residue;  from  0  to  over 
7  per  cent,  of  manganese,  and  from  0.167  to  0.939  per  cent,  of 
phosphorus.  In  short,  they  vary  almost  within  the  possible  limits 
of  what  might  be  called  iron-ores.  There  is  no  doul)t  that  when 
their  local  characters  are  better  understood,  much  of  the  territory 
herein  mentioned  will  be  available  for  the  iron  industry. 
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GENERAL  DESCIiirTIOX  OF  THE  ORES  USED  IX  THE 
CHATTAXOOGA  DISTRICT. 

BY   H.   S.   FLEMING,  DAYTON  COAL   AND  IRON  CO.,  LIMITED, 
DAYTON,  TENN. 

(Scraiiton  Meeting,  February,  1S87.) 

My  oricrinal  intention  was  to  jrive  a  full  account  of  Southern 
furnaces,  ores  and  cokes;  but,  owing  to  the  difficulty  of  getting 
reliable  information,  I  confine  this  paper  to  a  general  description  of 
the  ores  used  in,  and  immediately  around,  Chattanooga. 

Mr,  L.  S.  Colyar,  Manager  of  the  Rising  Fawn  furnace,  wrote 
me  in  answer  to  an  inquiry  as  to  what  ores  they  were  using,  "  Below 
I  give  you  analyses  of  the  mixture  of  ore  we  have  been  using  for 
the  past  seven  or  eight  years.  We  haven't  a  complete  analysis  of 
any  ores,  but  I  will  give  them  to  you  as  I  have  them. 


Attalla  Soft 
Red  Ore. 

Rising  Fawn  Hard 
Red  Ore. 

Rising  Fawn 
Soft  Ore. 

Iron, 

.     50.60 

38.48 

46.82 

Silica, 

.     11.69 

7.32 

22.69 

Pliosphorus,    . 

.       1.06 

.319 

.350 

This  is  a  fair  average  of  all  the  ores  we  get  in  this  section." 

The  following  analyses  of  Birmingham   soft  ore   were  received 
from  the  Morris  Mining  Co.,  of  that  place. 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

Iron.  . 

.     51.60 

54.88 

51.04 

51.20 

Silica, 

.     19.32 

10.60 

17.32 

17.08 

Alumina,    . 

.19 

.88 

— 

1.18 

Phosphorus, 

.129 

.287 

.116 

.464 

Mine  No.  1,  .second   vein,   shows:  iron,    46.40;    alumina,   4.92; 
phosphorus,  .212;  silica,  19.60. 

Mine  No.  1,  by  analyses  obtained  from  the  Mary  Pratt  Furnace 
Co.,  shows  : 

Fine  red  ore, 

Lump  red  ore,  ..... 

Bottom  vein,  ..... 

Bottom  vein,  ..... 

A  lot  of  this  ore  delivered  in  Chattanooga  gave:  iron,  53.32; 
alumina,  2.10;  phosphoru.s,  .529;  silica,  18.03. 


Iron. 

Silica. 

49.00 

18.38 

54.42 

17.10 

50.00 

21.38 

41.24 

13.52 
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The  Eastman  &  Smith  soft  red  ore,  mined  near  Birmingham, 
averages:  iron,  46.48;  alumina,  2.63;  silica,  26.16. 

Attalla  ore,  an  average  of  twenty-one  analyses,  gives :  iron, 
49.80;  alumina,  5.57;  silica,  12.15. 

Ooltewah  soft  red  ore  averages:  iron,  53.20;  phosphorus,  .320; 
silica,  17.12. 

The  Chamberlain  mines  at  Ooltewah  show:  iron,  56.00;  silica, 
16.45;  phosphorus,  .28;  sulphur,  .10. 

Ore  mined  at  Rockwood,  Roane  Co.,  Tenn.,  gives  :  iron,  43.47  ; 
alumina,  5.23;  carbonate  of  lime,  19.14;  silica,  9.66;  phosphorus, 
.574. 

A  sample  of  this  ore,  mined  by  the  Roane  Iron  Co.,  and  sampled 
from  the  stock-pile  at  the  furnaces  gave  :  iron,  48.36;  silica,  14.78  ; 
phosphorus,  .63. 

The  Tennessee  River  soft  ores  show : 

No.  1.  No.  2.  No.  3. 

Iron, 45.35  44.50  '         43.37 

Alumina, 11.12  9.89  10.13 

Silica, 12.51  15.94  14.19 

Phosphorus, 610                .816  .730 

The  Tennessee  River  hard  ores: 

No.  1.  No.  2.  No.  3. 

Iron, 33.40  31.42  29.60 

Carbonate  Lime,     ....     31.85  34.68  40.32 

Silica, 6.79  7.49  5.64 

Piiospliorus, 614  .520  .438 

The  Georgia  brown  hematites*  give  : 

No.  1.  No.  2.  No.  3.  No.  4.  No.  5.  No.  6. 

Iron,     .        .        .     40.62  42.16  44.77  45.48  45.22  50.86 

Alumina,      .        .       5.47  7.80  8.64  7.09  4.79  6.62 

Silica,  .        .        .     25.81  22.13  16.34  15.46  21.29  10.29 

Phosphorus,          .       1.196        .846  .424  1.22          .023  .834 

Ore  from  the  Cranberry  mines,  N.  C,  used  by  the  Roane  Iron 
Co.  to  make  Bessemer  pig : 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5.       No.  6. 

Iron,     . 

.     54.08 

51.91 

50.82 

45.37 

44.47      39.34 

Sulphur, 

.028 

.142 

.164 

.041 

.278        .398 

Phosphorus, 

.007 

.007 

.009 

.009 

.0154      .013 

Manganese, 

.277 

.295 

.40 

Silica,   . 

.     15.22 

18.75 

20.20 

24.89 

23.60 

Lime,    . 

.      5.89 

6.26 

9.74 

9.74 

*  These  analyses  are  of  the  ores  as  delivered  at  furnace.     Of  course,  dried  ore 
could  show  liigher  percentages. 
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On  board  cars  in  Chattanooga,  these  ores  are  worth  the  following 
prices,  varying  with  the  iron  market  : 
On  ears  in  Chattanooga  : 


Attalla  soft,    . 
Birmingham  soft,  . 
Kastman  «i  Smith  soft,  . 
Ooltewah  soft. 
Rock  wood  ore, 
Cieorgia  brown  hematites, 
Cranberry  ore, 


$2  00  to 

82  10 

per  ton 

2  05  " 

2  15 

2  00  " 

2  10 

2  40  " 

2  75 

2  00  " 

2  15 

2  05  " 

2  30 

3  00  " 

4  00 

On  baro-e  at  Mharf: 


Tennessee  River  soft,     . 
Tennessee  River  hard,  . 


$1  70  to  $1  SO  per  ton 
1  50  "     1  60      " 


The  Attalla  soft  fossil-ore,  as  delivered,  is  generally  in  medium- 
sized  pieces  with  about  15  percent,  "fine  dirt-ore."  It  is  easily 
reduced  ;  varying  but  little  and  working  very  well  in  the  furnace. 
The  high  phos[)horus  is  the  only  objection  to  its  use. 

Rising  Fawn  soft  and  hard  fossil-ores  are  mined  and  used  by  the 
owners  of  Rising  Fawn  and  Chattanooga  furnaces,  and  hence  are 
not  on  the  market. 

Birmingham  soft  ore  is  similar  to  the  Attalla,  only  much  more 
irregular  in  composition.  Wide  variations  have  been  found  in  dif- 
ferent cars  received  in  one  day.  As  delivered,  this  ore  has  from  10 
to  30  per  cent,  of  "  fine  dirt-ore  "  with  it.  The  great  advantage  of 
the  Birmingham  ore  is  the  exceedingly  low  alumina.  By  mixing 
it  with  the  Georgia  brown  ores  and  the  Tennessee  River  soft  and 
hard  ores  the  alumina  in  the  cinder  may  be  kept  down  to  or  below 
15  per  cent.  Without  it,  by  the  use  of  river  and  brown  ores  alone, 
the  cinder  will  run  as  high  as  22  per  cent,  in  alumina, 

Eastman  &  Smith  ore  is  similar  to  that  from  the  Morris  mines, 
only  it  has  a  larger  percentage  of"  fine  dirt-ore"  and  more  slate. 

Ooltewah  ore  is  like  the  Attalla,  but  somewhat  redder  in  color  and 
harder.  The  phosphorus  average  is  lower  than  in  any  other  fossil- 
ores  used. 

The  ore  from  Rockwood,  Tenn.,  is  a  soft  specular  hematite. 
When  cleanly  and  properly  mined  it  averages  as  shown  in  the 
analysis.  It  is  self-fluxing  in  the  furnace,  easily  reducible,  and 
carries  a  comparatively  low  percentage  of  fine  material.  The  out- 
crop of  this  ore  shows  no  lime,  but  after  mining  to  any  considerable 
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depth  the  lime  increases,  and  finally  the  iron  runs  out  altogether, 
and  is  replaced  by  lime. 

The  Georgia  brown  hematites  are  very  largely  used  with  the  soft 
fossil-ores.  They  are  quite  hard,  and  vary  in  color  from  a  reddish- 
brown  through  a  dark  brown  to  black.  The  first  is  low  in  phos- 
phorus and  high  in  silica,  and  the  latter  low  in  silica  and  high  in 
phosporus.  They  are  so  unreliable  in  composition  that  it  is  impos- 
sible to  judge  of  their  quality  by  looking  at  them.  The  furnace- 
man  who  takes  them  by  "rule  of  thumb  "  has  many  "inexplic- 
able "  troubles.  The  advantage  in  using  these  ores  is  that  they  keep 
the  furnace  open  and  the  heat  down,  and,  when  not  excessively  high 
in  phosphorus,  make  the  iron  stronger  and  darker. 

Cranberry  ore  is  used  at  one  of  the  Roane  Iron  Co. 's  furnaces  at 
Rockwood,  but  with  what  success  has  not  yet  been  made  public. 

The  Tennessee  River  ores  form  the  real  basis  of  the  Chattanooga 
ore-market.  They  cost  less  than  others,  and  can  be  supplied  in 
larger  quantities.  They  are  all  delivered  on  the  barge  at  the  fur- 
nace-wharf. 

The  soft  ore,  as  delivered,  is  of  rusty,  brownish  color,  and  carries 
from  20  to  60  per  cent,  of"  fine  dirt-ore."  In  wet  weather  it  con- 
tains as  much  as  30  per  cent,  of  water,  and  is  very  sticky  and  hard 
to  unload.  The  variation  in  the  ore  is  mostly  due  to  the  moisture, 
though  at  times  an  excessive  amount  of  slate  accompanies  it.  The 
two  main  troubles  with  this  ore  are  the  alumina  and  the  large 
amount  of  fine  stuff.  Were  it  not  that  the  Georgia  ores  act  to 
counterbalance  these  evils,  the  use  of  this  ore  would  be  attended 
with  great  trouble. 

The  hard  river  ore,  mined  in  many  cases  close  by  the  soft,  is,  as 
its  name  indicates,  a  hard,  tough  ore  to  break.  The  amount  of  lime 
it  contains  is  very  unreliable.  Anywhere  between  23  and  40  per 
cent,  of  carbonate  of  lime  would  be  as  close  as  a  guess  could  come. 
For  this  reason,  a  furnace-man  carrying  heavy  lime  must  use  the 
ore  sparingly  to  avoid  the  dangerous  possibility  of  a  "  lime-set."  A 
small  amount  of  it  is  valuable,  however,  as  it  melts  with  the  soft 
ore  and  partially  fluxes  it  before  the  limestone  begins  to  act. 

In  this  list  there  have  been  given  only  the  principal  ores  used  in 
quantity  in  Chattanooga.  There  are  a  great  many  small  openings 
from  which  sample  carloads  are  sent,  and  sometimes  small  contracts 
are  made.  Dr.  Porter's  excellent  paper  on  the  "  Iron  Ores  and 
Coals  of  Alabama,  Georgia  and  Tennessee  "  (read  at  the  Bethlehem 
meeting,  May,  1886),  treats  of  these  more  in  detail. 
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As  regards  the  cost  of  making  pig-iron  in  this  district,  Mr.  Bayles, 
in  his  opening  address  at  the  Cliattanooga  meeting*  (May,  1885), 
places  it  as  t'ollows  : 

2;  tons  ores,  (TT  $1   2'> |3  00 

2  tons  wke.  @  $2  50 5  00 

1  ton  limestone,  (j?  .85,    ........  85 

Salaries  and  labor, 2  50 

Interest  and  expenses, 50 

Repairs  and  replacements 50 


I 


Total  cost  of  1  ton  pig-iron, 
This  might  now  be  figured  as  below : 

Per  ton. 
Ore  (average  45  per  cent.),  @.  $1  80, 
Coke  (1.6  tons  to  1  of  pig  iron),  @  $2  50, 
Limestone  (.65  to  1  of  pig  iron),  @.  $0  85, 
Labor  and  salaries,  ..... 
Interest  and  expenses,       .... 
Repairs  and  replacements, 


Total,, 


12  35 


Per  ton  Iron. 

$4  00 
4  00 

55 
1  80 

50 

50 


11  35 


This  is  a  fair  average  of  the  cost  of  production  in  and  around 
Chattanooga. 
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BY  r.   LYNWOOD  GARRISON,   PHILADELPHIA,  PA. 

(Scranton  Meeting,  February,  1887.)  I 

The  enormous  growth  of  the  manufacture  of  Bessemer  steel  in 
this  country  within  the  last  few  years,  due  to  the  almost  constant 
large  demand  for  steel  rails,  renders  it  very  desirable  that  our  knowl- 
edge of  the  physical  and  chemical  properties  of  a  material  upon 
which  we  place  so  much  dependence  should  be  increased  by  every 
possible  means.  It  was  with  this  end  in  view,  and  also  in  hopes  of 
learning  something  of  the  causes  affecting  the  regularity  of  the 
Bessemer  product,  that  I  took  up  the  subject  of  this  paper  a  short 
time  ago.  The  use  of  the  microscope  as  an  instrument  of  research 
in  the  metallurgy  of  iron  and  steel  is  now  fairly  well  established; 


*  Trans,  xiv,,  3. 
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but  its  practical  value  has  not  yet  been  fully  demonstrated.  I  think 
I  am  safe,  however,  in  saying,  that  we  have  every  reason  to  believe 
that  before  very  long  its  use  in  large  works  and  amongst  engineers 
will  become  general. 

Although  I  have  worked  with  the  microscope  to  a  limited  extent 
upon  every  variety  of  iron  and  steel,  I  have  found  none  which  is 
more  interesting,  or  which  affords  a  better  field  for  research,  than 
rail-steel.  The  characteristics  of  a  good  steel  rail,  as  regards  chem- 
ical composition,  tensile  strength,  hardness,  and  ability  to  sustain  a 
variety  of  tests,  give  us  but  a  meager  notion  of  its  internal  struc- 
ture. We  cannot  determine  from  these  characters  whether  it  be 
homogeneous,  compact,  or  regular  throughout.  Yet  this  internal 
structure  must  have  much  to  do  with  its  durability.  It  is  perhaps 
worth  while  to  inquire  what  the  microscope  will  show  us,  and 
whether  we  can,  by  its  aid,  gain  any  additional  information  of  value. 

To  properly  sample  a  rail,  so  to  speak,  for  a  microscopic  examina- 
tion, a  cross-section  about  |  inch  thick  should  be  cut  from  about  the 
middle  of  the  rail ;  this  section  can  then  either  be  ground  and 
etched  as  a  whole,  or  else  samples  about  a  half-inch  square  can  be 
cut  severally  from  the  head,  web,  and  flanges.  These  pieces  should 
then  be  ground,  etched,  and,  if  so  desired,  arranged  to  show  both 
the  longitudinal  and  cross-sectional  structure.  By  thus  taking 
samples  from  the  several  parts  of  the  rail-section,  an  excellent  notion 
of  the  general  structure  of  the  entire  rail  may  be  obtained.  Of 
course  I  do  not  mean  to  say  that  one  such  examination  will  deter- 
mine the  structure  of  the  steel  of  an  entire  heat ;  for  the  quality  of 
the  rail  is  partly  dependent  upon  the  soundness  of  the  ingot  from 
which  it  has  been  rolled.  However  good  the  original  metal  may 
have  been  in  other  respects,  cavities  in  the  ingot  will  naturally  cause 
defects  in  the  rail,  since  they  cannot  but  seriously  affect  the  cohe- 
rency of  the  mass. 

The  ordinary  structure  of  steel  is  well  known  as  hard,  compact, 
and  granular.  This  granular  structure  was  formerly,  and  by  many 
persons  is  yet,  supposed  to  be  crystalline;  but  this  is  undoubtedly  a 
mistake,  as  can  readily  be  proved  with  the  microscope,  or,  in  many 
cases,  with  an  ordinary  lens  only.  The  samples  of  rail-steel  dis- 
cussed below  were  selected  from  a  larger  number,  to  show  in  a 
general  manner  what  might  be  regarded  as  the  minute  structure  of 
the  majority  of  steel  rails  made  within  the  last  fifteen  years.  It 
was  necessary  to  select  rails  made  in  the  earlier  days  of  the  Bessemer 
process,  as  it  Nvas  essential  that  their  durability  should  be  known, 
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the  complete  history  of  more  recent  rails  not  being  obtainable.  The 
three  following  American  rails  are  those  numbered  respectively 
933,  934,  ami  912,  in  Dr.  C.  B.  Dudley's  paper  on  "  Wearing 
Capacity  of  Steel  Rails,"  Transactions,  ix.,  321-360.  For  samples 
of  these,  and  for  manv  other  favors,  I  am  greatly  indebted  to  him. 

In  Fig.  1  is  shown  the  mieroscopio  cross-sectional  structure  of  a 
67-pound  rail  (No.  933  of  Dr.  Dudley's  paper).  As  can  be  readily 
observed,  its  structure  is  somewhat  irregular,  although  the  bulk  of 
it  is  compact  and  granular,  and  has  all  the  characteristics  of  steel ; 
some  portions,  however,  appear  to  contain  cavities  or  soft  places, 
giving  wliat  might  be  described  as  a  hill-and-hollow  structure  to 
the  steel.  These  irregularities  may  be  due  to  the  rolling  out  of 
cavities  or  blisters  in  the  ingot;  it  also  seems  possible  that  some- 
times they  may  be  caused  by  an  irregular  chemical  composition  of 
the  steel,  thereby  rendering  some  places  more  easily  affected  than 
others  by  the  solvent  action  of  the  etching  acid. 

In  Fig.  2  we  have  shown  the  structure  of  a  longitudinal  section 
of  the  same  rail.  In  this,  as  in  the  cross-section,  the  cavities  seem 
to  be  grouped  together,  and  to  form  a  kind  of  band  or  ribbon  run- 
ning in  a  longitudinal  direction  through  the  rail.  It  is  difficult  to 
show  and  appreciate  this  structure  in  a  single  photograph,  owing  to 
the  very  small  area  covered  by  the  field  of  the  microscope.  These 
streaks  or  ribbons  of  cavities  and  soft  places  can  frequently  be  de- 
tected without  the  aid  of  a  microscope;  the  metal,  however,  must 
first  be  properly  ground  and  etched. 

In  Fig.  3  is  shown  the  structure  of  a  cross-section  of  another 
67-pound  rail  (Xo.  934  of  Dr.  Dudley's  paper).  Its  surface,  how- 
ever, has  been  more  deeply  etched  than  the  others,  which  gives  it  a 
somewhat  different  appearance.  In  this,  as  in  many  other  cases,  it 
is  better  to  etch  deeply,  in  order  to  reveal  clearly  the  complexities 
of  the  metallic  structure.  Probably  the  most  difficult  feature  in 
these  microscopical  investigations  is  to  determine  the  proper  amount 
of  etching  a  piece  of  metal  should  have.  This  can  be  learned  only 
by  experience  and  close  observation.  The  rails  described  in  this 
paper  were  all  etched  with  very  dilute  nitric  acid  of  about  one  part 
acid  to  1000  of  water.*  By  saying  one  specimen  "has  been  more 
roughly  etched  than  the  other/'  is  simply  meant  that  it  has  been  ex- 
posed to  the  action  of  the  acid  for  a  longer  time.  Thus  the  rail 
shown  in  Fig.  3  was  allowed  to  remain  in  the  acid  about  five  times 

*  See  Journal  of  the  Franklin  Institute,  March,  1887,  pp.  184  and  185. 
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as  long  as  the  others.  No  arbitrary  rule  can  be  laid  down  governing 
this  process  of  etching:  it  can  be  determined  only  by  experience  and 
by  the  quality  of  the  metal.  The  want  of  regularity  of  structure  in 
the  rail  of  Fig.  3  is  apparent,  some  parts  being  finely  granular  and 
compact,  while  others  are  coarse  and  have  a  hill-and-hollow  structure. 
The  number  of  actual  cavities  in  this  specimen  appears  to  be  quite 
small,  the  irregularities  observed  being  chiefly  due  to  an  unequal  re- 
sistance to  the  solvent  action  of  the  etching  acid.  It  would  seem 
from  this  that  the  chemical  composition  of  the  metal  was  by  no  means 
uniform,  and  that  its  chemical  constituents  were  variable  in  quantity 
in  different  places.  This  may  be  partly  du<i  to  the  segregation  of  im- 
purities during  the  cooling  of  the  ingot,  or  to  the  imperfect  mixing  of 
the  manganese  before  the  metal  was  poured  into  the  ingot-moulds. 

Figs.  4  and  5  show  respectively  the  structure  of  a  cross-  and 
longitudinal  section  of  a  68-pound  rail.  It  will  be  observed  in 
Fig.  4  that  there  are  no  indications  of  soft  places  and  cavities,  the 
structure  appearing  throughout,  compact  and  massive.  This  is  due 
to  the  fact  that  a  portion  of  the  metal  altogether  free  from  these 
defects  was  purposely  selected  for  this  illustration,  in  order  that  a 
contrast  might  be  drawn,  and  to  point  out  as  well  as  possible  how 
an  erroneous  impression  of  the  general  structure  of  the  metal  might 
be  obtained  through  the  lack  of  a  thorough  examination  of  the 
etched  surface.  Judging  from  this  sample  alone,  one  might  con- 
clude that  this  steel  is  perfectly  sound,  and  contains  no  defects;  but 
a  sample  from  another  part  of  the  rail,  ground  to  a  longitudinal 
section,  shows,  after  etching,  etc.,  the  structure  exhibited  in  Fig.  5. 
The  hill-and-hollow  structure  so  well  shown  here  can  frequently  be 
traced  for  a  long  distance,  running  in  parallel  streaks  through  the 
rail. 

In  Fig.  6  we  have  shown  the  structure  of  a  cross-section  of  a  64- 
pound  English  steel  rail.  Although  this  steel  seems  to  be  particu- 
larly compact  and  uniform,  yet  if  examined  very  closely,  it  will  be 
observed  that  in  some  places  the  metal  is  much  more  dense  and  close- 
grained  than  in  others,  thus  producing  the  shaded  appearance  before 
referred  to.  It  would  be  difficult  to  conjecture  to  what  this  pecu- 
liarity of  structure  is  due  unless  it  be  a  variation  in  the  chemical 
composition  of  the  metal — the  varying  proportions  of  its  constit- 
uents rendering  some  parts  more  resistant  to  the  Solvent  action  of 
the  etching  acid. 

The  structure  of  a  longitudinal  section  of  another  English  56-pound 
rail  is  shown  in  Fig.  7.     There  is  little  or  no  difference  in  microscopic 
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1. — Crass-section  of  American  steel  rail,  No. 
;i,  of  Dr.  Diitllev.      Mairnitied  "Jo  diameters.) 
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— Crtiss-sectioii  ui'  Americaii  steel  rail,  No. 
Dr.  Dudley.     (Magnified  25  diameters.) 


!•  5. —  Ixjnfritiidinal  section  of  American  .steel 
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Fic;.  2. —  Longitudinal  station  of  American  steel 
rail,  No.  933,  of  Dr.  I:)udley.  (Magnified  25 
diameters.) 
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Ameiican  steel  lail,  No. 
912,  of  Dr.  Dudley.     (JSilagnified  25  diameters.) 
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Fig.  0. — Cross-section  (iit    i  iijli-h  steel  rail,  No. 
899,  of  Dr.  Dudley.     (Magnified  25  diameters.) 
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Structure  between  this  rail  and  the  preceding  one;  the  shaded  struc- 
ture is  well  defined,  and  the  general  character  of  the  metal  is  that 
of  close  compact  steel,  with  an  entire  absence  of  furrows  and  cavi- 
ties. Anotlier  peculiarity  of  these  rails,  shown  in  Figs.  6  and  7, 
and  other  English  rails  that  I  have  examined,  is  that  in  most  cases 
the  longitudinal  and  cross-sectional  structures  of  the  same  rail  are 
almost  identical  in  appearance.  Unfortunately,  I  have  examined 
but  a  comparatively  small  number  of  English  rails,  and  these  were 

Fig.  7. 


Longitudinal  section  of  English  steel  rail,  No.  918,  of  Dr.  Dudley. 
(Magnified  25  diameters.) 

probably  of  the  very  best  grades.  In  most  cases  their  structure 
was  that  of  a  high  grade  of  steel,  being  close,  compact,  and  approxi- 
mately homogeneous.  The  American  rails,  the  structure  of  which 
is  illustrated  in  Figs.  1,  2,  3,  4,  and  5,  are  not  inferior  ones  selected 
for  the  sake  of  comparison,  but  are  first-class  rails,  selected  with  the 
view  of  showing,  as  well  as  possible,  the  average  characteristic 
structure  of  the  steel  rails  made  in  this  country  in  the  earlier  days 
of  the  Bessemer  process.  I  regret  exceedingly  that  I  had  not  at 
my  disposal  a  better  selection  of  English  rails  made  at  the  same 
period. 

The  history  of  the  rails  illustrated  by  these  figures  is  partly 
shown  in  the  following  table,  compiled  from  Dr.  Dudley's  paper, 
where  additional  particulars  may  be  found. 
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No.  in  Dr.  Dudley's  paper 

Date  of  manufacture 

Place  in  track 

Grade,  foot  per  mile 

Original  weight,  lbs.  per  yard... 

Wear,  months 

Loss  of  weight,  lbs.  per  yard 

Tonnage,  in  thousand  of  tons.... 
Tensile  strength  (unan'aled)  lbs. 

p]lastic  limit,  lbs 

Elongation,  per  cent 

Caibon 

Phosphorus 

Silicon 

Manganese 


Figure. 


1  and  2. 


93.3 

1869 

3^°  CHS 

Level 

67.61 

116 

4.46 

78,364 

82,000 

38,000 

5 

.376 

.087 

.0o4 

.558 


934 

1869 

3^  CLS 

Level 

67.14 

116 

3.05 

78,364 

74,000 

39,000 

22 

.187 

.144 

.045 

.252 


4  and  5. 


912 

1873 

5°  CHS 

89.76 

68.29 

72 

8.51 

47,438 

91,000 

38,000 

10 

.401 

.083 

.056 

.816 


899 

1868 

5°  CLS 

21.12 

64.18 

134 

2.24 

52,370 

68,000 

30,000 

25 

.263 

.051 

.038 

.326 


918 

1869 

T. 

Level 

55.91 

126 

071 

51,720 

70,000 

34,000 

20 

.219 

.061 

.181 

.376 


Note. — In  the  above  table,  C  stands  for  curve,  T  for  tangent,  HS  for  high  side  and  LS  for  low  side 


The  cliief  difficulty  in  the  production  of  Bessemer  steel  is  to 
obtain  sound  ingots,  for  it  seems  more  than  probable  that  the  num- 
ber of  such  wholly  sound,  as  made  by  our  present  practice,  is  ex- 
ceedingly small.  This  difficulty  is  mostly  due  to  the  presence  of 
occluded  gases  and  to  the  segregation  of  the  impurities  in  the  ingots 
in  cooling ;  the  former  producing  cavities  and  blisters,  and  the  latter 
hard  and  soft  spots,  due  to  an  irregular  distribution  of  the  elements 
present  in  the  metal.  These  defects,  of  course,  produce  furrows, 
flaws,  soft  spots,  etc.,  when  the  steel  is  rolled  into  rails.  Although, 
it  is  true,  the  injurious  effect  of  tliese  cavities  and  flaws  is  greatly 
lessened  by  forging  and  rolling,  it  is  doubtful  if  the  walls  of  such 
cavities  and  furrows  can  be  perfectly  united,  as  their  surfaces  are 
very  apt  to  be  oxidized  as  well  as  rough  and  uneven.  It  might  be 
observed  in  this  connection  that  what  is  true  in  regard  to  steel  rails 
is  still  more  true  of  ordnance  steel  and  other  large  forgings  where, 
owing  to  the  large  masses  of  metal  to  be  fabricated,  it  is  obviously 
difficult  to  thoroughly  weld  the  metal  throughout;  indeed,  it  seems 
very  doubtful  if  these  defects  can  ever  be  altogether  eliminated  by 
forging  alone.  In  theory,  at  least,  hydraulic  compression  would 
seem  to  be  the  most  effective  means  of  fabricating  such  large  masses 
of  metal. 

The  presence  of  a  defective  structure  in  rail-steel  was  observed 
some  years  ago  by  Martens,  of  Berlin,  a  well-known  railroad  engineer 
and    microscopist.      In   an   article    upon    the  subject   in    Glasser's 
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Aunalt-n  fiir  Gficerbc  umJ  Bauvrsen,  December  IStli,  1880,  pp.  47G 
and  477,  he  entere  into  a  discussion  witli  Dr.  Midler  upon  the  causes 
of  such  defects,  and  remarks  thiit,  altliough  he  has  followed  out 
carefully  Dr.  Midler's  discussion  upon  the  *' Elimination  of  Gas  in 
Bessemer  Castings,"  he  cannot  agree  with  Iiim  in  his  assertion  that 
consumers  have  intentionally  or  unintentionally  greatly  exaggerated 
these  defects  ;  nor  can  he  believe  that  careful  management  can  pro- 
duce as  good  material  out  of  blistered  ingots,  as  out  of  sound  ones. 
Herr  Martens  also  contends  that,  although  rails  from  blistered  ingots 
will  sometimes  show  a  surprisingly  high  tensile  strength,  yet,  if 
fractured,  abundant  traces  of  their  blistered  nature  can  be  detected 
by  the  numerous  fine  long  flaws  or  furrows  shown.  Can  we,  he 
continues,  maintain  in  the  face  of  these  results,  that  these  traces  of 
blisters  are  without  significance,  for  the  safety  and  economy  of  rail- 
roads ■?  He  concluded  his  remarks  by  saying,  that  all  rails  put  into 
use  should  be  thoroughly  tested  by  persons  of  experience  and  an 
accurate  knowledge  of  materials,  who  know  exactly  the  behavior  of 
rails  in  use,  and,  in  consequence  of  their  technical  education,  are 
capable  of  following  the  process  of  manufacture  in  all  its  details. 
Herr  Martens  illustrates  his  article  with  some  cuts,  showing  the 
microscopic  structure  of  several  Bessemer  steel  rails.  The  structure 
he  shows  differs  in  no  essential  particular  from  that  already  described 
in  this  paper.  As  this  work  of  Herr  Martens  did  not  come  to  my 
notice  until  most  of  my  work  here  embodied  had  been  finished,  it 
was  with  no  small  amount  of  satisfaction  that  I  found  my  results 
agreeing  so  closely  with  those  of  so  careful  and  conscientious  a 
scientist. 


NOTES   OX  THE  GEXEBAL    TREATMENT  OF  THE  SOUTH- 

EEN  GOLD  OBES,  AND  EXPERIMENTS  IN 

MATTING  IRON  SULPHIDES. 

BY  E.   QTBBOX  SPILSBURY,   NEW  YORK  CITY. 
(Scranton  Meeting,  February,  1887.) 

Everybody  who  has  had  his  attention  turned  to  the  gold-deposits 
of  the  Southern  States,  is  acquainted  with  the  undisputed  fact  of  the 
existence,  at  least  in  the  Carolinas  and  Georgia,  of  enormous  areas  of 
gold-bearing  rocks.  Long  before  the  discovery  of  the  precious  metal 
in  California,  gold-mining  on  a  very  extensive  scale  was  a  well-estab- 
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lished  and  profitable  industry  in  these  States.  Public  attention  was 
withdrawn  from  this  section  by  the  richer  discoveries  in  the  West, 
and  later  on  the  troublous  war  times  caused  a  nearly  complete  cessa- 
tion of  mining.  In  recent  years,  however,  attention  has  again  been 
turned  to  these  fields,  and  mining  is  now  prosecuted  more  or  less 
over  the  whole  area  where  gold  is  known  to  exist.  Unfortunately, 
the  economic  results  from  these  operations  have  not  been  generally 
such  as  to  attract  the  investment  of  capital  in  sufficiently  large  amounts 
to  overcome  the  difficulties  which  have  arisen  in  the  development  of 
these;  deposits.  Naturally,  in  the  commencement  of  operations,  the 
extraction  of  the  gold  from  the  surface-deposits  was  very  easy,  since 
the  oxidation  by  atmospheric  influences  of  the  other  minerals  accom- 
panying the  gold  was  practically  complete,  and,  consequently,  the 
latter  was  in  a  free  state,  and  easily  extracted  by  hydraulic  washing 
or  by  plain  amalgamation.  As  the  permanent  water-level  was 
reached,  however,  the  presence  of  large  quantities  of  iron  and  copper 
sulphides  mixed  through  the  veins  rendered  these  simple  methods 
unavailing  and  unreraunerative,  especially  since,  at  the  same  time, 
the  percentage  of  gold  in  the  ore  generally  became  smaller  than 
near  the  surface.  A  natural  concentration  appears  to  have  taken 
place  near  the  surface,  due  to  the  elimination  of  the  other  metals  and 
some  of  the  rock  constituents  by  atmospheric  influences  and  erosion. 

Unlike  the  regular  fissure-veins  of  the  West,  most  of  the  gold  in 
the  Southern  States  occurs  in  bedded  sedimentary  deposits  of  talcose 
or  micaceous  slates,  or  at  the  contact  of  these  slate  measures  with 
the  granite.  I  do  not  mean  to  say  that  none  of  the  Southern  veins 
are  properly  fissure-veins ;  but  certainly  the  majority  of  them  are 
not.  The  few  that  are,  are  generally  quartz  veins,  carrying  large 
percentages  of  copper  as  well  as  iron  sulphides.  They  are  mostly 
very  irregular  in  their  mineralization,  and  although  at  times  yield- 
ing very  rich  deposits  of  gold,  are  unreliable  for  continuous  work- 
ing. It  is  chiefly  to  this  class  of  deposits  that  are  due  the  many 
financial  failures  which  have  given  the  whole  Southern  mining  field 
such  a  bad  reputation.  The  real  wealth  of  the  South  lies  in  the 
enormous  bedded  slate  veins  which  take  such  immense  development 
in  the  central  and  eastern  sections  of  North  and  South  Carolina, 
and  the  corresponding  measures  in  the  northern  section  of  Georgia. 

While  the  extent  of  these  beds  is  large,  the  deposits  themselves, 
when  once  the  permanent  water-level  has  been  reached,  are  invari- 
ably of  low  grade.  The  gold  is  disseminated  through  the  talcose 
or  micaceous  slates  in  a  very  uniform  manner,  varying  from  about 
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S3  to  -SI  2  a  ton.  In  these  cases,  liowever,  once  the  bed  ojiened  and 
the  averag:e  percentage  establislu'd  by  working;  a  few  hun(h'ed  tons, 
there  is  no  fear  of  that  percentage  varying  to  any  great  extent  from 
one  end  of  the  deposit  to  the  other.  Of  coui'se,  small  quantities  of 
much  richer  ore,  sometimes  running  into  hundreds  of  dollars  to  the 
ton,  are  found  in  proximity  to  the  numerous  dioritic  and  trap  dykes, 
which  cut  through  these  slate  measures  in  all  directions,  and  also 
correspondingly  barren  sections  of  the  beds  are  sometimes  met  with  ; 
but  otherwise  the  average  is  very  nniform.  At  the  Haile  gold  mine 
in  Lancaster  County,  South  Carolina,  the  general  average  of  gold 
for  the  last  five  years  has  been,  by  assay,  between  $5  and  $7  a  ton. 

Unfortunately  for  the  miner,  however,  even  this  low  percentage 
is  not  all  in  the  shape  of  free  gold.-  A  considerable  portion  of  it  is 
combined  with  the  sulphides  in  such  a  manner  as  to  prevent  its 
extraction  by  plain  amalgamation  alone.  It  is  on  this  last  rock  that 
so  many  enterjjrises  have  been  financially  wrecked. 

Of  course,  it  will  be  readily  understood,  in  the  first  place,  that 
the  only  way  in  which  such  ores  can  be  profitably  worked,  is  to 
operate  on  such  an  extended  scale  that  the  general  expenses  can  be 
brought  down  to  the  lowest  possible  figure  per  ton  of  ore.  Also, 
that  the  most  improved  methods  for  the  cheap  handling,  crushing, 
and  treating  of  such  ores  must  be  adopted. 

This  fact  has  been  nowhere  so  thoroughly  demonstrated  as  in  the 
Black  Hills  of  Dakota,  where,  notwithstanding  high  rates  of  wages, 
somewhat  similar  deposits,  as  to  size  and  lowness  of  grade,  are  so 
successfully  worked.  In  these  latter  mines,  however,  the  gold  exists 
in  a  practically  free  and  granular  condition,  and,  therefore,  the 
problem  is  very  simple,  and  is  solved  by  plain  plate-amalgamation. 
The  ores  of  Amador  County,  California,  so  successfully  worked  by 
the  Plymouth  Mining  Company,  are  similar  to  our  Southern  ores 
so  far  as  the  presence  of  a  portion  of  the  gold  in  the  iron  sulphides 
is  concerne<l,  but  their  gold  is,  practically,  coarse  as  compared  with 
ours,  which  permits  them  to  extract  it  by  crashing  only  to  35-mesh 
fine,  and  so  they  are  able  to  use  the  ordinary  Plattner  chlorination 
process  with  great  success.     Their  gangue  is  also  quartz. 

Xow  with  us  at  the  Haile,  and  with  all  the  similar  slate  deposits 
of  the  South,  the  problem  is  considerably  more  complex.  Our  ore 
consists  of  a  very  siliceous  talcose  slate,  from  the*body  of  which  most 
of  the  magnesia  has  been  eliminated  and  replaced  by  silica,  but  in 
the  cleavage  planes  of  which  exist  thin  lamina?  of  almost  jiure  talc. 
The  whole  mass  is  mineralized  with  sulphides,  mostly  so  fine  as  to 
VOL.  XV. — 4y 
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be  invisible  to  the  naked  eye.  The  gold  also  present  is  in  an  impal- 
pably  fine  condition,  both  as  free  gold,  and  also  as  combined  with 
the  sulphides.  These  sulphides  are  entirely  ferric,  the  faintest  trace 
of  copper  appearing  only  once  in  a  while.  In  addition  to  the  finely 
comminuted  sulphides  in  the  mass  of  the  slate,  the  veins  are  traversed 
by  bodies  of  almost  pure  iron  sulphides,  some  of  which  run  very 
high  in  gold,  while  others  again  are  entirely  barren,  and  carry  no 
gold  at  all.  The  gold,  however,  is  invariably  in  such  a  finely 
divided  state,  that  in  the  six  years  I  have  had  charge  of  the  raine,  I 
have  never  been  able  to  detect  the  smallest  speck  by  the  naked  eye 
or  even  under  the  microscope.  It  is  just  from  this  fact  that  the  dif- 
ficulty of  the  economical  treatment  of  these  ores  arises;  and  it  is  to 
the  fact  that  instead  of  adopting  a  system  of  treatment  specially 
adapted  to.  these  requirements,  mine-managers  have  copied  exactly 
what  is  being  done  in  the  West,  or,  even  worse,  adopted  some  one  or 
more  of  the  many  patent  processes  with  which  the  South  is  overrun, 
that  so  many  disastrous  failures  may  be  ascribed. 

In*  my  efforts  to  overcome  these  difficulties  I  have  met  with 
several  setbacks  and  failures ;  and  as  I  believe  it  is  profitable  to  the 
members  of  the  Institute  to  be  kept  informed  as  to  what  is  not 
advisable,  as  well  as  what  is  perfectly  successful,  I  propose  to  give 
some  details  of  the  methods  which  I  have  tried  and  found  wanting. 

But,  in  the  first  place,  I  will  endeavor  to  show  why  it  was  not 
feasible  from  the  start  to  so  arrange  our  works  as  to  overcome  these 
difficulties.  The  reason  of  this  was,  that  for  the  first  two  years  we 
were  working  practically  above  water-level,  and,  therefore,  none  of 
the  subsequent  difficulties  which  have  arisen  wefe  then  known  to 
exist.  At  that  time  our  ore  averaged  from  $5  to  $10  a  ton,  was 
practically  free,  and  offered  no  difficulty  to  ordinary  treatment. 

AVhen  we  began  to  mine  in  depth  it  was  soon  found  that  while 
our  assays  showed  about  the  same  general  average  percentage  of 
gold,  our  yield  in  the  stamp-mill  was  greatly  lessened.  On  inves- 
tigating the  question  thoroughly,  I  found  that,  as  before  stated,  the 
percentage  of  sulphides  was  increasing,  and  that  the  gold  appeared 
in  a  finer  condition  than  in  the  surface-ores.  From  30-raesh  screens 
I  changed  our  mill  to  40-mesh,  and  at  once  found  great  improve- 
ment. I  have  since  then  continued  to  use  these  screens;  but  in 
order  to  crush  still  finer  the  discharge  has  been  raised,  so  that  now 
the  pul])  is  of  such  fineness  that  92  per  cent,  of  it  will  pass  through 
a  100-mesh  screen. 

This  has  been  done  so  as  to  be  sure  of  freeing  practically  all  the 


GENERAL    TREATMENT   OF   THE   SOUTHERN    GOLD    ORICS,    ETC.     771 

gold,  which,  from  careful  assaying  of  various  screened  samples,  is 
proveti  to  exist  in  the  ore  principally  in  the  sizes  from  70-  to  90-mcsh. 
The  laPijest  portion  of  the  free  gold  is  extracted  by  amalgamated 
copper  plates,  both  inside  and  outside  the  mortars.  The  inside 
plates,  which  are  removed  daily  and  scra[)etl,  catch  somewhat  over 
33  [>er  cent  of  the  whole  prcxluct  of  the  mill.  From  the  copper 
tables  the  pulp  passes  on  to  a  series  of  Embrey  .tables,  also  fitted 
with  amalgamated  (silver)  plates.  These  tables  furnish  the  concen- 
trates for  lurther  treatment.  Taking  Uie  average  of  our  ore  as  $6, 
we  generally  extract  So. 20  a  ton  as  free  gold  on  the  plates.  The 
pulp  going  to  the  Embreys  averages  therefore  $2.80  a  ton.  The 
final  tailings  from  the  concentrators  show  from  70  to  <S0  cents  a  ton. 
The  heads  from  the  tables  generally  average  §35  to  $-37  a  ton.  The 
necessity  for  fine  crushing  is  shown  by  the  fact  that,  before  we 
adopted  the  present  fine  screens  and  high  discharge,  while  the  pulp 
going  to  the  concentrators  would  average  nearly  $4  a  ton,  the  con- 
centrates would  never  average  over  §26  a  ton,  while  the. final  tail- 
ings ran  from  SI. 10  to  $1.30  per  ton. 

Our  concentrates  are  then  roasted  dead  in  an  ordinary  double- 
hearth  reverberatory  furnace.  It  is  in  the  further  treatment  of  these 
roasted  concentrates  that  the  principal  difficulties  have  lain.  For 
some  years  after  we  started,  and  while  still  using  mostly  surface- 
ores,  I  introduced  the  Designolle  process  for  this  purpose.  At  that 
time  our  concentrates  hardly  ever  averaged  over  $16  a  ton,  and  con- 
tained hardly  50  per  cent,  of  iron  sulphides,  the  remainder  being 
coarse  gangue.  The  results  obtained  were  remarkably  good  ;  but 
as  we  improved  in  our  mill,  by  bettering  our  concentrating  ma- 
chinery, the  difficulties  and  objections  inherent  to  the  Designolle 
system  became  more  and  more  ai)parent.  At  first  these  were  met 
by  improvements  in  the  mechanical  appliances  and  arrangements. 
The  barrel  system  of  grinding  and  amalgamation  was  replaced  by 
pans  and  settlers  ;  but  as  our  ores  in  depth  began  to  increase  in  the 
proportion  of  sulphides,  our  work  in  the  Designolle  mill  became 
poorer  and  poorer.  It  is  true  that  over  87  per  cent,  of  the  assay 
value  of  the  roasted  ore  was  easily  amalgamated  by  that  process, 
but  the  fine  slimes  of  oxide  of  iron  were  also  amalgamated  ;  and  the 
consequence  was  the  production  of  enormous  quantities  of  what 
Western  miners  would  term  "slumgullion,"  which,  though  rich  in 
gold,  was  harder  to  treat  than  the  original  ore.  By  a  continuous 
treatment  of  washing  and  settling,  and  regrinding  with  fresh  mer- 
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cnry,  this  could  of  coarse  be  partially  cleansed,  but  in  no  way  could 
the  bullion  be  practically  refined,  without  great  loss  in  gold. 

The  next  process  I  looked  into  was  the  Plattner  chlorination. 
This  I  found  could  also  not  be  used  on  these  Southern  ores  with 
any  reasonable  success,  for  two  reasons :  1.  In  trying  it  on  coarse 
ore  which  would  permit  filtering,  I  came  across  the  difficulty,  that 
either  the  whole  bulk  of  the  ore,  containing  only  an  average  of  $6 
a  ton,  would  have  to  be  treated,  which,  of  course,  could  not  be  done 
to  a  profit,  or  else  we  would  have  to  lose  nearly  $2.50  a  ton  in  our 
tailings,  owing  to  the  fine  gold  which  was  still  encased  in  the  gangue 
particles,  but  not  in  sufficient  quantity  to  render  them  specifically 
heavy  enough  to  come  up  with  the  heads.  The  adoption  of  this 
plan  was,  of  course,  out  of  the  question.  2.  Experiments  were 
then  made  on  our  regular  fine  ore,  averaging  92  per  cent,  of  sulphide 
of  iron.  Here  we  were  met  by  the  same  difficulty  as  in  the  Desig- 
nolle  process,  viz.,  the  practical  impossibility  of  washing  by  filtration 
large  masses  of  an  impalpably  fine  oxide  of  iron.  From  the  experi- 
ments made  it  is  evident  that  our  tankage-room  necessary  to  treat 
30  tons  per  day,  which  would  be  the  required  capacity,  would  extend 
over  considerable  acreage.  At  this  point  some  of  the  large  copper 
smelting  companies  suggested  the  feasibility  of  matting  our  sul- 
phides, and  shipping  them  to  their  works  for  the  final  extraction  of 
the  gold.  As  in  their  sulphur  works  they  were  desirous  of  obtain- 
ing: rich  auriferous  mattes,  their  offers  were  liberal  enouo;h  to  make 
it  worth  our  while  to  look  into  the  matter  pretty  thoroughly. 

Last  summer  I  consulted  over  the  matter  with  Professor  Richards, 
as  I  was  somewhat  dubious  as  to  the  possibility  of  concentrating 
the  whole  amount  of  the  gold  into  an  iron  matte.  The  result  of 
our  consultation  was  the  sending  of  sufficient  of  our  concentrates  for 
a  thorough  test  to  the  works  of  the  Institute  of  Technology  in 
Boston.  Professor  Richards's  sickness  prevented  him  from  person- 
ally attending  the  work,  but  it  was  done  under  the  supervision  of 
his  assistant.  Professor  F.  W.  Clark. 

As  I  have  been  unable  to  find  any  record  of  previous  experiments 
having  the  same  object  in  view,  I  have  thought  that  the  full  details 
of  Professor  Clark's  work  on  our  ores  would  be  of  much  interest  to 
our  fellow-members. 

The  ore  which  I  sent  for  treatment  was  some  which  had  been 
submitted  to  a  coarser  screening  than  our  usual  stamp-mill  work, 
consequently  the  concentrates  were  not  quite  as  clean  as  we  usually 
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make,  ami  oontaiutxl  a  small  amount  of  gangue.    The  ore  as  received 
at  the  laboratory  analyzed  : 

SiOj,  38.61 ;  S,  30.70;  An,  1.75  ounce  per  ton. 

A  portion  of  tliis  ore  was  first  roasted  thoroughly,  after  which  the 
analysis  showed  -13.7  SiO^,,  0.44  S,  and  1.81  ounces  An.  The  loss 
in  the  weight  by  roasting  was  21  per  cent. 

This  composition  was,  of  course,  too  siliceous  to  flux  itself,  and, 
consequently,  iron  oxide  was  added  to  smelt  it. 

The  following  charge  was  then  made  : 

R.1W  ore, 10     kilos. 

Taivciiider 10         " 

Roasted  ore 15.3      " 

This  was  smelted  on  a  fire-brick  and  clay  test,  18"x24"x6". 
The  cliarge  was  difficult  to  fuse,  and  only  a  portion  of  the  slag  would 
run  when  tai)ped,  though  seemingly  thin  and  liquid.  The  analysis 
of  the  slag  gave  : 

SiO^,  48.7 ;  FeO,  44 ;  S,  0.69 ;  and  An,  0.5  ounces. 

The  matte  was  largely  absorbed  by  the  cupel-bottom,  but  that  not 
absorl)ed  assayed  only  1.2  ounces  Au. 

This  result  being  so  unsatisfactory,  it  was  determined  to  recon- 
centrate  the  original  ore  on  a  Frne  vanner.  The  results  of  this  re- 
concentration  showed  : 

Fird.  Heads,  with  a  composition  of  SiOg,  8.95 ;  Fe,  39.4 ;  S, 
44.50  ;  Au,  2.10  ounces  per  ton. 

Second.  Vanner  tailings,  with  0.07  ounces,  $1.45  Au  per  ton. 

Third.  Slimes,  with  $1.20  Au  per  ton. 

Fourth.  A  small  residue  on  belt,  with  0.5  ounces  Au  per  ton. 

Two  charges  of  the  heads  of  70  kilos,  each  were  then  roasted. 
The  first  lost  in  weight  by  roasting  30.8  per  cent.,  and  the  second 
29.7  per  cent.     The  roasted  ore  showed  by  analysis  : 

SiO,,,  11.7  ;  Fe,  61.15 ;  S,  0.21  ;  Au,  3  oz.  per  ton. 

Three  more  charges  were  now  smelted  in  a  reverberatory  furnace 
with  sloping  fire-brick  bottom.  The  furnace  was  heated  toayellow 
heat  and  charged  with  : 
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Original  concentrates,  roasted,  .         .         .         ,         .  22. "O  kilos. 

Vanner  heads,  roasted,     .         .         .         .         .         .         .  22  50     " 

Original  ore,  raw,     ........  7.50     " 

Vanner  heads,  raw, 7.50     " 

60.00  kilos. 

This  charge  melted  in  two  and  a  quarter  hours,  and  when  tapped 
flowed  readily.  Tiie  matte  was  all  absorbed  by  the  furnace  bottom. 
The  slag  gave  Si02,  29.9;  FeO,  54.9;  S,  2.7;'  Au,  1.64  ounces. 

The  next  charge  was  immediately  put  in,  and  consisted  of: 

Original  Haile  ore,  raw,       .......     30  kilos. 

Original  Haile  ore,  roasted, 30     " 

Vanner  heads,  roasted, 30     " 

90  kilos. 

After  firing  four  hours,  the  furnace  was  tapped  and  the  charge 
was  found  to  be  only  partially  melted,  a  large  amount  of  siliceous 
scoria  being  left  in  the  furnace  after  the  slag-flow.  This  scoria  was 
raked  out  through  the  charging-door.     The  run  slag  gave : 

SiOa,  34.00;  FeO,  58.70;  S,  8.25;  Au,  1.48  ozs.  per  ton. 

The  siliceous  scoria  assayed  Au  0.98  ounce  per  ton.     The  matte  from 
this  smelt  assayed  Au  3.4  ounces  per  ton. 
The  last  charge  smelted  consisted  of: 


Vanner  heads,  raw, 25  kilos. 

Vanner  heads,  roasted,  .         .         .         .         .         .         .     25     " 

Original  ore,  roasted, 25     " 

75  kilos. 

This  charged  melted  in  two  and  a  quarter  hours,  and  analysis  of 
slag  showed  : 

Si02,  41.5  ;  FeO,  52.6;  S,  3.26  ;  Au,  0.83  ounce  per  ton. 

Average  matte  showed  4  ounces  gold,  but  picked  pieces  gave  8| 
ounces  per  ton. 

As  a  rule  the  slag  and  matte  did  not  readily  separate  excepting 
in  the  last  smelt. 

One  peculiarity  was,  that  while  the  gold  was  evenly  distributed 
through  the  slags,  such  was  not  the  case  with  the  mattes,  some  pieces 
being  much  richer  than  others. 
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Professor  Clark  mlvises  the  aildition  of  15  to  20  per  cent  of  lime 
in  the  charge,  which  he  thinks  woukl  prove  beneficial.  While  this 
might  perhaps  tlo  in  sonje  sections,  it  would,  with  us  in  the  South, 
be  pnictictilly  prohibitory,  owing  to  the  absence  of  lime  rock  in  the 
entire  gokl  belt,  and  its  consequent  cost  in  most  mining  camps. 

I  think  that  perhaps  the  addition  of  a  very  small  percentage  of 
cuprous  oxide  stirred  into  the  charge  before  tapping  might  have  the 
effect  of  cleaning  the  slags  of  the  gold,  but  I  am  still  more  of  the 
opinion  that  any  attempt  to  follow  out  this  line  of  procedure  for  our 
Southern  iron  sulphide  ores  will  result  in  total  failure. 

I  have  lately  heard  that  Mr.  W.  L.  Austin,  of  Montana,  has 
oarrie<l  out  the  idea  of  matting  auriferous  iron  sulphides  with  con- 
siderable success;  but  his  problem  is  considerably  different  from 
ours,  and  less  difficult.  His  ores  occur  in  solid  masses,  requiring  no 
crushing,  and  can,  therefore,  be  handled  in  a  blast-furnace  without 
much  diffieultv.  His  ores  average  hiy;her  in  gold  contents  than  do 
ours,  but  even  with  all  this  in  his  iiivor,  I  understand  he  is  now 
purchasing  lead  and  copper  ores  to  reduce  with  his  iron  sulphides, 
as  in  treating  the  latter  alone  the  process  is  by  no  means  reliable. 

The  only  other  method,  therefore,  for  the  successful  treatment  of 
these  ores,  is  by  the  barrel-chlorination  process,  where  not  only  the 
chlorinating  takes  place  in  the  barrel,  but  also  the  washing.  This 
I  have  found,  by  practice,  can  be  done  most  thoroughly,  and  with 
murh  less  volume  of  water  than  is  possible  under  the  tank-system. 
The  only  objection  is  that  it  requires  a  few  more  chlorinating  barrels 
for  a  given  amount  of  ore,  than  would  be  necessary  were  the  ore 
washed  and  filtered  in  the  ordinary  way.  The  moment  the  chlori- 
nating is  completed,  the  cover  is  removed  and  the  barrel  filled  up 
with  water;  the  cover  is  then  replaced  and  the  barrel  revolved  for 
about  ten  minutes.  It  is  then  stopped  and  the  water  decanted 
through  the  man-hole  on  to  the  filter-be<ls.  More  water  is  then 
added,  and  the  operation  resumed  until  the  ore  is  perfectly  washed. 
The  mass  is  then  discharged  on  to  the  filter-bed  and  allowed  to  drain 
at  leisure.  Chlorination  by  this  method  can  easily  be  accomplished 
at  a  total  cost  of  less  than  84  per  ton,  which  would  not  be  onerous 
on  concentrates  which  yield  over  $25  per  ton.  I  am  now  preparing 
the  plans  for  the  erection  of  a  plant  on  this  system  having  a  capacity 
of  25  to  30  tons  per  day,  and  should  the  results  in  practice  come  up 
to  my  calculations,  we  shall  be  able  to  show  a  yield  of  92  per  cent, 
on  all  ores  treated.  I  hope  on  some  future  oecasio^  to  communicate 
to  the  Institute  the  results  of  these  operations. 
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BY  W.  F.  MATTES,  SCRANTON,  PA. 

(Scrantoii  Meeting,  February,  1887.) 

The  manufacture  of  steel  rails  in  the  United  States  upon  a  large 
scale  may  be  roughly  dated  from  the  years  1875-76,  and  the  same 
years  witnessed  an  active  movement  among  the  railroads  toward  the 
adoption  of  heavier  and  improved  patterns.  In  this  movement 
each  road  was  a  law  unto  itself,  and  the  "  personal  e<:j[uations  "  of 
some  scores  of  engineers  were  so  freely  injected  into  the  calculations 
that  patterns  were  multiplied  in  the  most  absurd  and  mischievous 
manner,  until  at  length  the  burden  upon  the  mills  became  wellnigh 
unendurable,  and  called  fortli  a  vigorous  protest  in  Mr.  Holley's 
paper,*  read  before  the  Institute  in  February,  1881.  There  were 
then  regularly  manufactured  in  the  various  mills  of  the  United 
States,  no  less  than  119  different  patterns  of  steel  rails,  subject  to 
current  order,  of  which  64  per  cent,  were  embraced  under  five 
Meights  per  yard.  Commenting  upon  these  and  other  figures  there 
given,  Mr.  Holley  stated  as  the  primary  object  of  his  paper,  "to 
show  that,  while  this  multiplication  of  rail-patterns  is  an  annoyance 
and  an  expense  to  rail- makers,  it  is  a  source  of  immense  loss  to 
railway  companies." 

Since  1876  the  increase  in  gross  annual  tonnage  upon  our  leading 
lines  has  been  very  great,  and  has  been  accompanied  by  an  increase 
of  wheel-loads  and  running-speeds.  As  the  average  weight  of  the 
rails  of  1876  was  by  no  means  excessive,  the  growing  deman  Is  of 
traffic  have  slowly  driven  the  roads  toward  stiffer  sections,  inaugu- 
rating a  movement  that  now  promises  to  become  epidemic.  In  1876 
a  67-ponnd  rail  was  a  first-class  equipment ;  to-day  everything  under 
75  pounds  is  light,  and  many  80's  are  coming  into  use.  European 
practice  has  long  been  heavier  than  ours ;  in  part  because  the  higher 
cost  of  sleepers  has  led  to  an  average  of  3-feet  spacing,  instead  of 
two-feet  as  with  us.  The  old  84-pound  double-header,  and  Sand- 
berg's  80-  and  89-pound  rails,  respectPvely  5J  inches  and  5|  inches 
high,  are  reported  common  on  English  roads;  and  he  is  strongly 
advocating  the  general  adoption  of  the  100-pounder  shown  in  Fig. 
7,  with  what  success  I  have  not  learned,  except  that  the  Belgian 
government  has  ordered  a  lot.  Mr.  Sandberg  points  out  the  unde- 
sirability  of  frequent  changes  of  pattern,  and  the  recent  rapid 
growth  in  traffic-requirements;  prognosticates  a  continuance  of  this 

*  "Kail-Patterns,"  Transactions,  ix.,  360. 
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growth,  and  urges  the  adoption  of  a  pattern  that  will  he  adequate 
tor  many  _veai"s  to  eonie. 

In  this  movement  toward  tlie  adoption  of  heavier  patterns,  both 
rail-makei-s  and  rail-purchasers  have  reason  to  dread  a  repetition  of 
the  folly  of  past  years.  The  multiplication  of  designs  will  be  even 
less  exeusable  now,  beeause  we  have  an  accumulated  experience  upon 
many  disputed  points,  both  of  manufacture  and  wear,  and  can  more- 
over design  with  reference  to  the  standard  car-wheel  tread  and  flange 
adopteil  by  the  Master  Car  Builders'  Association  in  October  last,  by 
the  decisive  vote  of  411  to  91. 

The  facts  above  cited,  the  long  gap  in  our  publications  upon  this 
topic,  and  the  current  efforts  of  a  committee  of  the  Civil  Engineers 
to  gather  the  materials  for  a  report  seem  to  make  this  paper 
timely. 

In  a  letter  to  the  American  Journal  of  Raihvay  Appliances,  July 
15th,  1885,  I  described  a  43-pound  rail  designed  for  the  Delaware 
and  Hudson  gravity  system  (see  Fig.  1),  in  which  the  line  of  mini- 
mum thickness  of  web  was  above  the  midway  position  usually 
assigned  to  it.  But  as  this  rail  was  much  below  average  weight, 
and  the  design  was  hampered  by  conditions,  another  was  shown 
(Fig.  2)  differing  only  in  web  from  the  so-called  P.  R.R.  67-pound 
(Fig.  3),  in  which  the  principle  was  carried  to  the  limit,  and  the 
minimum  line  placed  fairly  on  the  neutral  axis. 

Quoting  from  the  letter  referred  to,  "  There  are  two  principal 
reasons  why  this  system  should  be  an  improvement.  The  most 
obvious  is  in  relation  to  the  duty  which  the  rail  has  to  perform  as  a 
girder.  American  rails  are  universally  weak  against  vertical  stress, 
and  every  ounce  of  useless  metal  that  can  be  crowded  down  into  the 
flange  will  help  to  remedy  this  defect. 

"  The  second  reason  is  that  it  puts  the  section  in  better  form  to 
resist  the  lateral  thrust  of  a  flange.  For  instance,  a  force  F,  Fig. 
3,  acts  at  xy  with  leverage  A  B.  But  if  F  be  sufficient,  the  rail 
will  yield  on  a  line  lower  than  xy,  because  the  increase  of  section 
to  the  fillets  is  not  commensurate  with  the  increase  of  leverage.  The 
web  of  Fig.  2  has  been  so  proportioned  that,  \f  xy  be  laid  off  at  the 
same  depth  from  the  tops  as  in  Fig,  3,  the  thickness  will  be  found 
the  same,  viz.,  J  inch  ;  but  from  xy  downward,  the  increase  in  Fig. 
2  substantially  keeps  pace  with  the  leverage.  It  may  be  urged 
against  the  first  reason  given  that  the  neutral  axis  is  constantly  being 
lowered  as  the  rail  wears.  But  it  is  better  that  during  the  life  of 
the  rail  the  line  of  minimum  thickness  should  average  above  rather 
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than   below  the  neutral   axis,  because  of  the   influence  which   its 
position  has  upon  the  resistance  of  the  rail  to  lateral  thrust." 


Sandberg.     70  Lbs. 


The  areas,  and  consequently  the  weights,  per  yard,  of  Figs.  2  and 
3,  are  the  same;  but  the  moment  of  inertia  of  Fig.  2  is  18.079, 
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while  that  of  Fig;.  3  is  but  17.310,  ami  as  tlic  resistance  of  beams 
to  deflation  is  directly  as  the  moments,  it  ajipears  that  by  the  modi- 
fication of  web,  without  adding  to  the  weight  per  yard,  we  have 
stiffened  the  Pennsylvania  rail  some  4.4  }>er  cent.* 

A  calculation  of  these  rails  for  ultimate  resistance  to  bending 
loads  has  been  made  in  accordance  with  a  method  given  by  Benjamin 
Baker  in  his  book  on  beams,  columns,  and  arches.  Assuming  the 
tensile  resistance  of  the  metal  to  be  80,000  pounds  per  square  inch, 
the  breaking  load  of  Fig.  3  is  calculated  to  be  116,935  pounds,  and 
that  of  Fig.  2  to  be  122,090  pounds,  an  increase  of  4|  per  cent. 

The  following  method  has  been  adopted  to  institute  a  com})arison 
l)etween  these  two  patterns  in  their  resistances  to  lateral  flange- 
thrust.  When  the  rail  is  securely  fastened  to  the  sleepers  and  the 
thrust  of  a  wheel-flange  is  delivered  as  indicated  by  the  arrows 
(Figs.  2  and  3),  the  rail  resists  as  an  overhung  beam  or  cantilever. 
If  the  thrust  is  delivered  by  only  an  occasional  wheel  at  consider- 
able intervals,  the  stress  upon  the  web  at  the  plane  of  delivery  will 
be  lessened  by  the  resistance  of  the  head  to  lateral  bending,  which 
will  distribute  the  stress.  But  this  need  not  be  considered,  because 
we  are  to  deal  with  the  severest  conditions  likely  to  occur  in  the 
track;  and  where  a  number  of  contiguous  wheels  are  thrown  to- 
gether against  a  rail,  the  loading  is  practically  uniform  throughout 
its  length,  and  the  head  would  be  thrust  aside  bodily  but  for  the 
web  resistance,  which  may  be  studied  with  reference  to  sectional 
moments  alone.    The  usual  formula  for  the  deflection  of  a  cantilever 

W  T  3  1+3 

is  S=  — — -.     But  I  in  our  case  =  ~  in  which  t  equals  thickness 
3L1  12 

of  web  and  b  =  length  with  the  rail  =  1.     Substituting,  we  have 

WL^  .         . 

^  =  -— —  in  which  the  only  variables  are  L^  and  t^.    For  compara- 
3E!1  -^  ^ 

12 

tive  purpo.ses  we  may  eliminate  the  constants  and  have  S  is  as 
-y,    and    the    resistance,   being  inversely  as  the  deflection,    is    as 

:j^.      By  multiplying  all  results  by  100,000,  we  obtain  comparative 

quantities  free  from  decimal  fractions.  The  first  step  is  to  obtain 
the  length  L  of  the  lever-arm  (A  B,  Figs.  2  and  3)  measured  verti- 
cally from  the  contact  of  wheel-flange  to  the  plane  of  whichever 

*  The  moment  of  inertia  of  Fig.  2,  deduced  from  Baker's  method  of  obtaining 
the  moment  of  resistance,  is  18.153.  Tliat  of  Fig.  3  is  17.541,  sliowing  tiie  same 
percentage  of  increase. 
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section  of  web  is  to  be  calculated.  For  the  point  of  wheel-contact 
I  have  bisected  the  curve  at  upper  corner  of  head.  The  two  pat- 
terns under  consideration  tabulate  as  follows,  the  trial-sections  being 
numbered  from  the  top  down. 


Sections. 

Values  of  L. 

Values  of  t. 

Values  of-4V  (100,000). 

Fig.  2. 

Fig.  3. 

Fig.  2. 

Fig.  3. 

Fig.  2. 

Fig.  3. 

1 

2.09 
2.34 
2.59 
2.84 
3.09 
3.34 

2.53 
2.78 
3.03 
3.28 
3.53 

.469 
.475 
.495 
.525 
.569 
.625 

.5 

.508 
.531 
.57 
.626 

1131. 
836. 
698. 
632. 
624. 
658. 

772. 
610. 
538. 
.  524. 
557. 

0 

3 

4 

5 

G 

t^ 
Taking  the  minimum  values  of  y-g  we  get  comparative  resistance 

to  lateral  flexure  of  Fig.  2  to  Fig.  3  nearly  as  6  :  5. 

Attention  is  here  called  to  the  table  of  deflections,  for  which  I  am 
indebted  to  Mr.  John  W.  Cloud,  Engineer  of  Tests,  Pennsylvania 
Kailroad  Company.  The  No.  2  rail  of  the  table  is  Fig.  3,  and  No. 
4  is  Fig.  10. 

Bending   Tests  of  Steel  Rails. 
By  Mr.  John  W.  Cloud,  Eng'r  of  Tests,  Penna.  R.  R.  Co.,  Altoona,  Pa. 


T3 

Deflection  in  inches  with  loads  in  thousand  pounds  of 

a  a 

Description  of 
Test. 

6JI>H 

s| 

."i 

10 

15 

?.n 

K 

30 

S."! 

40 

45 

50 

55 

fiO 

fio 

70 

75 

80 

P^  o. 

a,a 

No.  2  Rail,         ] 

Two  Supports,  I" 

New 

Cambria J 

68^ 

.03 

.03 

.04.04'.04 

.05  .06 

.07 

.07  .07 

.07 

.08 

.08 

.08 

.08 

.10 

.01 

Do 

do. 
do. 

.02 

09 

.03.031.04 
.04.04.06 

.04'. 05 
06.06 

.05  .05 '05 

.06 
.10 

06 
.10 

.07 
.11 

.07 
.11 

.07 
.12 

.07 
.12 

.00 

Do 

.03i.04 

.00 

.08 

.09 

Do. — Inverted... 

do. 

.01 

.02 

.031.04.04 

.04  .04 

;05 

.05 

.06 

.06 

.07 

.07 

.08 

.08 

.08 

.00 

Do.          do.      ... 

do. 

.02 

.02 

.03.03.04 

.05  .05 

.06 

.06  .07 

.08 

.08 

.08 

.09.09 

.101.01  1 

Do.         do.      ... 

do. 

.02 

.02 

.02 

.03:.O3 

.041.04 

.04 

.04  .04 

.05 

.05 

.00 

.06 

.07 

.07 

.01 

No.  4  Rail,         ^ 

Two  Supports,  > 

New 

Cambria J 

70 

.01 

.02 

.03:03 

.03 

.03' 04 

.04 

.04  .05 

.05 

.06 

.06 

.07 

.07 

.08 

Do 

do. 

01 

.02!.02:.03'.03 

03  .04 

.04 

.04.05 

.05 

.05 

.06 

.07 

.07 

.08 

Do 

do. 

.01 

.02.02.03.03 

.03;. 04 

.05 

.05.06 

.06 

.06 

.07 

.07 

.08 

.11 

Do. — Inverted... 

do. 

.02 

.03 

.04  .04  .03 

.05.05 

.05 

.061.06 

.06 

.06 

07 

.081.08 

.08 

Do.         do.      ... 

do. 

.01 

.01 

.02  .03  04 

,04j.04 

.04 

.05.05 

.05 

.05 

.06 

.06  .00 

.07 

Note. — The  rails  tested,  with  a  clear  span,  were  placed  on  supports  19''''  apart, 
reducing  by  the  shape  of  the  support  to  15''''  apart,  by  bending  about  ^^  after  wliich 
the  distance  between  supports  remained  at  15''''.  The  load  in  all  cases  was  applied 
midway.    The  pressure-block  above  was  cylindrical,  with  16^''''  radius. 
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Fig.  5.     Sandberg,     80  Lbs. 


Fig.  6.    Sandberg,    90  Lbs. 


-:--M 


Fig.  7.     Sandberg,     100  Lbt. 


1  'f^ iy^ 

Fig.  3.     Barrow    57  Lbs. 
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The  tabular  deflections  are  all  largely  in  excess  of  those  called 
for  by  any  formula  known  to  me ;  and  an  attempt  to  harmonize 
them  is  complicated  by  an  uncertainty  as  to  the  actual  distances 
between  supports.  They  reverse  the  order  of  previous  records,  in 
that  the  deflection  per  unit  of  stress  is  greater  with  the  lighter  loads. 
They  are  sufficient  under  ordinary  wheel-loads  to  indicate  a  serious 
increase  of  train-resistance.  According  to  the  table,  a  locomotive 
driver,  loaded  to  17,000  pounds,  will  deflect  a  No.  4  (70-pound) 
rail  about  .025  inch  in  a  span  of  19  inches.  This  is  a  static  deflec- 
tion, which  will  be  augmented  by  the  rolling  load,  but  the  static 
deflection  alone  is  equal  to  an  opposing  grade  of  14  feet  per  mile. 

Mr.  Cloud's  table  is  confirmatory  evidence  of  that  which  we 
already  know,  viz.,  that  the  rails  of  about  68  pounds'  weight  so 
largely  put  to  use  in  1876  were  rather  weak  vertically,  even  for  the 
loads  and  speeds  of  that  date.  But  taking  the  Pennsylvania  67, 
which,  like  the  Delaware,  Lackawanna  and  Western,  really  weighs 
68|^  pounds,  as  the  best  available  basis  for  comparison,  two  leading 
questions  are  presented.  If  the  67-pound  rail  gave  about  the  proper 
degree  of  stiffness  for  the  traffic  conditions  of  1876,  by  what  per- 
centage should  that  stiffness  be  increased  for  the  probable  conditions 
of  1887-88?  And  if  the  conditions  of  1876  produced  a  certain 
wear  per  unit  of  tonnage,  what  will  the  conditions  of  1887  produce 
upon  the  same  rail  ? 

Taking  these  questions  in  order,  I  will  endeavor  to  prove  that 
the  deflection  of  rails  in  the  track  is  probably  directly  as  the  wheel- 
loads,  and  the  squares  of  running  speeds. 

In  authoritative  formula  for  the  deflection  of  beams,  the  bending 
load  figures  directly,  and  therefore  the  first  part  of  the  above  propo- 
sition requires  no  argument. 

The  normal  resistance  to  the  rolling  load,  after  inertia  has  been 
overcome,  is  due  to  a  slight  roughness  of  the  metal  surfaces,  which 
may  be  likened  to  minute  gear-teeth,  of  irregular  pitch,  in  continual 
collision. 

Next  in  order  comes  a  series  of  abnormal  resistances  due  to  actual 
mechanical  imperfections  in  the  surfaces,  deviations  from  a  true 
circle  in  the  wheels,  flat  spots  worn  by  skidding,  etc.  Third,  a 
resistance  from  imperfect  counterbalancing  of  wheels  and  drivers, 
particularly  the  latter. 

The  dynamic  effects  of  these  abnormal  forces  upon  the  rails  may 
be  treated  as  a  single  group,  and  illustrated  by  the  accompanying 
diagram  (Fig.  A),  which  represents  a  wheel  upon  the  rail.     At  A  is 
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an  imperftx'tion,  a  protuberance,  a  flat  spot  or  an  unbalanced  weight, 
either  of  which  will  deliver  a  blow  upon  the  rail  at  13.  Considering 
A  a<  a  weight,  represented  in  the  equations  by  its  mass  M,  as  its  fall 


upon  the  rail  is  mechanically  controlled,  we  have  to  deal  only  with 
its  velocity  Y,  which  varies  as  the  speed  of  the  train. 

2sow  the  fundamental  analogy  in  dynamics  of  matter  is  M  :  F  = 
T  :  V,  in  which  F  represents  a  force  and  T  time,  from  which  we 


have  FT  =  MV  and  FTV  =  MV^.  If  K  represents  work  done 
we  know  that  K  =  FTV,  therefore  K  =  MV^.  Or  as  Nystrom 
expresses  it,  "  the  work  consumed  in  giving  the  mass  M  the  velocity 
V,  is  FYT,"  which  equals  MV;  and  hence,  when  M  is  constant, 
varies  as  V*.  But  the  work  done  in  stopping  a  moving  body,  or  in 
absorbing  the  momentum  of  a  moving  body,  is  necessarily  equal  to 
the  work  done  in  producing  the  motion ;  and  as  the  work  done  in 
giving  different  velocities  to  A  is  proportioned  to  the  square  of  those 
velocities,  therefore  the  work  done  by  the  rail,  of  which  the  deflec- 
tion is  the  measure,  also  varies  as  the  square  of  the  speeds.  Me- 
chanical defects  in  the  rails  are  only  the  counterpart  of  similar  flaws 
in  the  wheels,  and  the  dynamic  effect  will  be  governed  by  the  same 
law. 

The  fourth  series  of  resistances  may  be  assigned  to  imperfections 
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in  the  alignment  and  support  of  the  rails,  and  to  the  deflection  of 
the  rails  under  the  load ;  and  our  examination  must  proceed  in  line 
with  the  theory  of  projectiles. 

In  Fig.  B  we  suppose  the  driving-wheel  to  be  passing  a  high 
spot  in  the  track.  At  a  certain  velocity  the  tendency  is  to  leave 
the  rail  at  A  and  strike  again  at  B,  producing  a  deflection  pro- 
portioned to  the  vertical  height  of  the  fill.  Now  it  is  not  essen- 
tial to  this  result  that  the  wheel  shall  actually  leave  the  rail.  The 
elastic  reaction  of  the  latter  causes  it  to  rise  as  the  pressure  of  the 
wheel  is  relieved,  and  the  ballistic  tendency  of  the  locomotive  body- 
is  provided  for  by  an  extension  of  the  driving  springs.  If  both 
track  and  locomotive  were  incompressible,  the  wheel  would  rise 
from  the  rail.  The  elasticity  of  both  mitigates  the  destructive 
power,  but  does  not  reduce  the  actual  work  performed,  of  which 
the  vertical  height  of  the  rise,  in  the  first  supposition,  is  the  variable 
factor,  and  varies  as  the  square  of  the  resultant  velocity  which,  iu 


Fig.  C 


our  case,  is  the  speed  of  the  train.  Rankine  says  of  projectiles, 
"  The  relation  between  the  variation  of  vertical  elevation  and  the 
vsquare  of  the  resultant  velocity  is  the  same,  whether  the  velocity  is 
in  a  vertical,  inclined,  or  horizontal  direction."* 

Whether  the  projecting  velocity  V  be  vertical  or  inclined,  the 

height  to  which  the  projectile  will  reach  will  be  S  =  -^ ,  and  we  shall 

have  with  different  velocities  S  :  Sj  =  V^ :  Vl^  Our  case  is  analo- 
gous to  that  of  a  body  falling  freely  upon  a  spring.f 

*  Applied  Mechanics,  p.  489.  t  Nystrom's  Elements  of  Mechanics,  p.  139. 
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Tlie  weight  W  in  Fig.  C,  falling  through  si^Tcc  S  will  compress 
the  spring  tiirough  space  s.  If  F  denotes  the  mean  force  of  the 
spring,  we  have  W  :  F  =  s  :  S  and  WS  =  F6\  But  F.s  is  the  meas- 
ure of  the  work  done  in  compressing  the  spring,  which  compression 
corresponds  to  the  deHection  of  the  rail,  and  as  S  varies  as  V^  the 
deflection  must  vary  as  V*  also. 

For  a  practicixl  ai>plication,  we  will  take  the  southern-bound  track 
of  the  Delaware,  Lackawanna  and  Western  Railroa(i  out  of  this 
city,  selecting  for  each  year  the  maximum  driver-load  and  average 
speed  of  fastest  traius. 

1876.  1 

Driver-load.      Speed. 
14,000     X     30^  =  12,600,000 


I      rp,        ...   20.825       ,  ^- 

y      i he  ratio  IS — :^  l.oo 

I  12,600 


18S7. 

Driver-load.     Speed. 
17,000     X     35«  =  20,825,000   J 

Calling  for  an  increa.«e  in  vertical  stiffness  of  6-5  per  cent. 

The  second  question  which  I  have  undertaken  to  discuss  relates 
to  the  wear  of  rails,  and  the  treatment  must  be  partly  empirical. 

The  dynamic  force  called  into  action  is  represented  by  MV",  in 
which  M  is  a  constant,  because  it  is  a  function  of  the  tonnage,  for 
which  we  have  assumed  a  common  unit.  Hence,  other  things  beins: 
equal,  the  force  which  produces  abrasion  varies  as  the  square  of 
running  speeds. 

We  may  liken  the  wheels  to  a  chisel,  which,  being  struck  by  a 
hammer  of  given  weight,  produces  an  effect  which  varies  as  the 
square  of  the  velocity  of  the  hammer-head.  But  we  may  also  vary 
the  effect  by  a  change  of  chisels.  It  will  make  a  difference  whether 
the  force  of  the  blow  is  confined  to  a  sharp  edge,  or  distributed  over 
the  larger  surface  of  a  blunt  one  ;  and  so  it  will  make  a  difference 
in  the  abrasion  of  rails,  whether  the  given  tonnage  be  distributed 
over  many  wheels,  or  concentrated  uj)on  a  few.  Hence,  observers 
have  -sought  to  ascertain  the  relation  that  exists  between  wheel-loads 
and  wear. 

In  the  di.«cns.'<ion  on  steel  rails  at  the  February  meeting  of  1881 
(vol.  ix.  of  Transactions),  ^Nlr.  Ashbel  Welch  remarked  upon  Dr. 
Dudley's  ob.«ervations  of  wear  :  "  In  this  case,  the  wear  per  ton  of 
gross  load  increased  as  the  0.6  power  of  the  weight  on  a  wheel. 
With  iron  rails  in  former  years,  it  increased  much  faster  than  this 
rate.  -As  machinery  becomes  heavier  it  will  doubtless  increase  faster 
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with  steel.    As  the  saaie  engines  and  tenders,  with  the  same  weights 
on  a  wheel  passed  over  each  track,  and  as  tl;e  speeds  were  probably 


Fig.  9.     D.  L.  &  W.  R.  R.    67  Lbs 


iH 

Fig.  10.     P.  R.  R.    67  Lbs. 


Fig.  n.    P.  R.  R.    70  Lbs, 


Fig.  12.     P.  R. 


75  Lbs. 


greatest  on  the  light  track,  the  difference  in  wear  due  to  difference 
in  weight  on  the  freight  car-wheels,  was  probably  greater  than  above 
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e>tiinato(.l.''  Mr.  Welch  also  says,  in  a  rejwrt  to  tlie  Civil  Enoinoers, 
^lay  5th,  1875,  in  ivterence  to  the  widtii  of  rail-hoads:  "  Jiiit  the 
emlurance  of  injiirv  Iroin  the  pivs.-ure  of  a  given  weight  on  the  toj) 
is,  nmler  some,  perhaps  not  very  nnnsnal,  conditions,  as  the  sqnare  of 
the  snrfac^  compressed."  This  is  the  same  thing  as  saying  that  the 
suttering  of  the  rail  is  as  the  square  of  the  wheel-load. 

Here  then  we  have  a  warrant  upim  high  authority  for  believing 
the  wear  to  increase  in  some  })ower  of  the  wheel-loads  greater  than 
O.G.  As  a  move  in  the  right  direction,  while  yet  keeping  a  conser- 
vative Hgnre,  I  have  taken  it  in  the  following  calculations  at  0.8. 
The  tonnages,  which  are  for  one  day  in  each  year,  have  been  com- 
pileil  with  official  assistance.  In  the  wheel-loads  for  1887,  it  is 
assumed  that  all  freight  and  coal  is  carried  upon  cars  of  50,000 
pounds  capacity,  ?  consummation  not  yet  realized.  The  method  of 
calculation  is  to  multiply  the  number  of  wheels  and  drivers  of  each 
class  by  the  0.8  power  of  their  respective  loads  and  the  square  of 
running  speeds.  The  sum  of  these  products  represents,  for  com- 
parative purposes,  the  rate  of  abrasion  ;  and  by  dividing  the  sum 
for  1887  by  the  ratio  between  tonnages  for  the  two  years,  we  obtain 
a  basis  for  comparison  uj)on  a  unit  of  toimage. 


1876. 

Delaware,  Lackawanna  and  Western  Railroad,  Southern 

Bound  Track. 

Passenger  Trains. 

8  drivers  (14,000-8  X  30=)  = 14,930,000 

88  wheels  {  6,000-8  X  30=)  = 83,415,000 


Freight  Trains. 

2S  drivers  (1],600-«X  12=)= 71,959,000 

444  wheels  (  5,000-8  x  12=)  = 58,066,000 


Coal  Trains. 

,  264  drivers  (11,600-8  X  10=)= 23,976,000 

44  wheels  (  5,000-8  X  10=j  = 3,996,100 

3859  wheels  (  4,600-8  X  10=)= 328,610,000 

Total 584,958,300 
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Tonnages  {taken,  for  convenience  of  reference,  in  pounds). 

8  drivers  X  14,000= 112,000 

292  drivers  X  11,600= 3,387,200 

88  wheels  X    6,000  = 528,000 

488  wheels  X    5,000= 2,440,000 

3859  wheels  X    4,600  = 17,751,400 

Total, 24,218,600 


1887. 

Delaavare,  Lackawanxa  and  Western  Railroad,  Southern 

Bound  Track. 


Passenger  Trains. 

28  drivers  (17,000-«X352)=      . 
364  wheels  (  7,000*8  X  352)  ^      ,        ,        ^ 

Freight  Trains, 

36  drivers  (14,008-8  x  16^)  =      .        .        . 
580  wheels  (  9,000-8  x  16*j  =      .        .        . 

Coal  Trains. 

280  drivers  (12,500.8  X  10^)  =      .        .        . 
3494  wheels  (  9,000-8  x  lO^j  =       .        .        . 


Total, 


83,110,000 
531,270,000 


19,118,130 
260,053,100 


53,0o0,000 
509,000,000 

1,455,601,230 


Tonnages  {taken,  for  convenience  in  reference,  in  pounds). 


28  drivers  X  17,000  = 

36  drivers  X  14,000  = 

280  drivers  X  12,500  = 

364  wheels  X    7,000  = 

4074  wheels  X    9,000  = 

Total, 


476,000 

504,000 

3,500,000 

2,548,000 

36,666,000 

43,694,000 


Ratio  of  tonnages  (1876  to  1887)  =  ^-'l?l^  =  1.804. 


1,455,601,230 
1.804 


24,218,600 
=  806,874,296,  which  is  the  sura  of  our  product 


for  1887  corrected  to  the  tonnage  l)asis  of  1876.     Dividing  this  by 

.1-  rxi  1     .   r     10-P  806,874,296       ,  .,„      ,.\ 

the  sum  oi  the  products  tor  18 /b,  we  get  ^  —  =  1.-38,  which 

o84,yo8,oOO 

is  the  ratio  of  wear  of  rail  per  unit  of  tonnage  under  the  respective 
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traffic  conditions  of  the  yeai-s  in  question.    That  is  to  say,  the  wear  of 


Fig.  13.     L.V.  R.  R.  "Sayre"    76  Lbs 


^  Fig.  14, 


Proposed^  88  Lbt. 


the  rails  for  each  gross  ton  of  trafBc,  is  38  per  cent,  greater  under 
the  conditions  of  1887  than  in  187o. 
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Our  railroads  discovered  some  time  since  that  they  must  provide 
more  metal  in  the  heads  of  their  rails  to  be  worn  away,  but  it  is  also 
j)lain  that  they  need  stiffer  sections  than  have  yet  been  largely 
adopted,  and  broader  heads  for  the  distribution  of  pressures. 

As  a  logical  sequence  to  this  paper,  it  is  incumbent  to  present  a 
section  designed  in  accordance  with  the  principles  laid  down.  This 
is  done  in  Fig.  14  with  no  idea  that  it  will  be  adopted  bodily  by 
our  roads,  but  with  a  hope  that  it  will  exert  a  modifying  influence 
upon  future  rails.  The  effort  will  also  serve  a  valuable  purpose  if 
it  makes  clear  the  fact  that,  for  a  rail  of  given  weight,  good  practice 
confines  the  designer  within  very  narrow  limits,  anrl  thereby  em- 
phasizes the  folly  of  multiplying  patterns  for  minute  differences, 
between  which  no  man  can  authoritatively  decide. 

A  noticeable  change  in  the  practice  of  our  leading  roads  in  the 
past  few  years,  has  been  in  increasing  the  radii  of  the  upper  corners 
of  the  heads.  This  was  done  to  mitigate  the  rapid  sharpening  of 
wheel-flanges,  as  illustrated  by  Fig.  20.  Instead  of  radii  off  inch 
and  ,'^g  inch  the  practice  jumped  to  f  inch,  which  was,  and  is,  the 
favorite  radius  for  wheel-throats,  thus  making  the  rail  fit  the  wheel. 
My  observations  upon  the  effect  of  this  change  are,  that  the  prin- 
ciple has  been  carried  a  little  too  far,  especially  in  the  Lehigh  Valley 
rail.  Fig.  13,  in  which  the  |-inch  curve  was  supplemented  by  a  side 
slope  of  10°.  Wheel-tires  that  are  in  good  condition  will  have 
little  effect  upon  such  a  head,  beyond  that  which  is  properly  due  to 
the  rolling  load,  but  tires  worn  as  in  Figs.  15,  17,  and  20,  produce 
abrasion  of  the  side  slope  that  is  very  noticeable  on  tangents  and 
severe  on  curves.  Fig.  21  shows  the  wear  of  some  of  these  rails, 
which  were  laid  in  May,  1884,  on  a  tangent  near  Pittston.  The 
track  there  is  double,  fairly  ballasted,  and  the  traffic  not  particularly 
heavy.  The  figures  give  the  wear  in  decimals  of  an  inch,  and  the 
noticeable  feature  is  that  the  wear  is  deeper  on  the  side  than  on  the 
top.  Upon  the  next  curve,  of  about  2°,  the  excess  of  side  wear  was 
still  greater,  and  upon  heavier  curves  at  Mauch  Chunk  it  was 
decidedly  objectionable.* 

*  Since  the  above  was  written  a  correspondent  of  the  Railroad  Gazette  has  fur- 
nished that  paper  with  a  cnt  of  the  Lehigh  Valley  rails  at  Manch  Chunk  referred 
to,  which  is  reproduced  in  Fig.  23.  The  rails  were  removed  in  June,  ISSfi,  and  at 
the  time  of  my  examination  I  was  unprovided  with  tools  for  measurement ;  but 
upon  the  strength  of  that  inspection,  and  subsequent  observations  made  with  the 
aid  of  templates,  upon  many  Lehigh  Valley  and  other  rails,  I  am  constrained  to 
doubt  the  entire  accuracy  of  this  drawing.  It  shows  the  rail  worn  to  closely  fit  a 
new  wheel,  whereas  the  invariable  tendency  is  to  wear  to  an  average  wheel. 

Mr.  R.  n.  Sayre,  Second  Vice-President  of  the  Lehigh   Valley  Eailroad  Com- 
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The  same  tendency  is  observable  in  le?s  decree  in  tlie  70-  and 
75-pound  rails  of  the  Pennsylvania  Railroad.  Figs.  24  and  25  are 
measurements  taken  west  of  Coatesvllle  station,  upon  tangent  and 
outside  of  light  curve  respectively,  and  are  characteristic.  The  old 
67,  Fig.  10,  was  comparatively  free  from  this  trouble,  and  so  is  the 
Delaware,  Lackawanna  and  Western,  Fig.  9,  with  its  shallow  head 
and  i-inch  radius. 

There  is  plainly  a  happy  medium  between  insufficient  and  exces- 
sive side-contact.  The  rajnd  wear  of  both  rail  and  wheel  caused 
by  the  latter  condition  undoubtedly  maintains  the  profile  of  the 
wheel  in  better  form,  but  even  this  advantage  will  be  chiefly  realized 
with  steel-tiral  wheels,  and  with  them  the  rail  is  an  expensive  sub- 
stitute for  the  lathe. 

In  all  the  forms  of  rails  quoted,  the  general  tendency  in  wearing 
is  to  sharpen  the  upper  corners;  but  this  had  better  be  done  by 
legitimate  wear  on  the  top,  with  as  little  as  possible  on  the  side. 
For  the  sake  of  the  wheel-throats,  which  the  Master  Car  Builders 
have  fixed  definitely  at  f  inch,  it  is  desirable  to  have  the  corner- 
radius  large,  and  this  can  be  the  more  profitably  done  as  the  practice 
becomes  universal.  But  as  the  wheel-throat  radius  grows  less  from 
the  beginning  of  use,  it  is  plain  that  the  radius  of  the  rail-corner 
should  begin  with  less  than  f  inch,  a  view  abundantly  sustained  by 
observation. 

Tiie  Delaware,  Lackawanna  and  Western  rails  show  plainly  that 
I  inch  is  not,  and  the  later  Pennsylvania  and  Lehigh  Valley  rails 
indicate  that  f  inch  is,  too  large.  I  have,  therefore,  compromised 
on  j%  inch,  retaining  the  6°  side-angle. 

The  next  consideration  is  width  of  head.  Wheel  pressures  have 
already  passed  the  limit  beyond  which  the  wear  of  both  wheel  and 
rail  is  uncomfortably  rapid  ;  and  the  only  practicable  relief  is  in 
broader  bearing-surfaces.  Instead  of  piling  up  metal  on  the  tops 
of  rail-heads,  it  should  be  spread  sideways.  This  disposition  will 
not  only  lessen  materially  the  rate  of  wear,  but  will  stiffen  the  sec- 
tion by  grouping  the  metal  farther  from  the  neutral  axis.  Substan- 
tially the  same  area  can  be  worn  away  with  less  reduction  of  the 

pany,  accounts  for  the  excessive  wear  shown,  in  this  way :  The  rails  are  on  a  14° 
cnrve,  the  trains  all  run  one  way,  with  a  descending  grade  of  12  feet  per  mile,  and 
the  slowing  of  trains  as  they  pass  the  station  brings  all  the  inside  buffers  in  con- 
tact, thereby  increasing  the  tangential  tendency  of  the  wheels.  It  is  very  probable 
that  the  wear  has  been  greatly  aggravated  in  the  manner  stated  by  Mr.  Sayre,  but 
the  fact  remains,  that  upon  other  and  lighter  curves,  and  upon  tangents,  this  pattern 
shows  an  excess  of  flange-wear. 
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M.  C.  B.    Standard  Wheel  Tread. 


Fig.  20. 
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total  heiglit,  ami  it  permits  greater  depth  ami  bearing-surfaees  for 
the  splice-bai-s. 

We  are  so  accustomed  to  our  usual  patterus  that  a  3-inch  head,  as 
proposal,  strikes  the  eye  unpleasantly.  But  when  tires  are  })laced 
upon  them  a  transformation  takes  place,  and  the  inadequacy  of  the 
usual  surfaces  becomes  aj>pareut.  I  am  indebted  to  Mr.  Forney's 
paper  before  the  Master  Car  Builders  for  Figs.  15  to  18.  The  first 
two  are  a  pair  of  wheels  removed  from  the  same  axle  on  the  New 
York  Central,  and  also  represent  accurately  the  rail  in  use  at  that 
time.  ^Ir.  Forney  says  of  Figs.  17  and  18,  that  they  are  the  aver- 
age of  a  large  number  of  careful  measurements  of  wear. 

To  my  mind  tiiey  show  the  need  of  broader  rail-heads,  and  sup- 
plement the  testimony  which  I  have  from  Mr.  McKenna,  Master 
Car  Builder  of  the  Delaware,  Lackawanna  and  Western,  that  chilled 
wheels,  unlike  steel  tires,  are  usually  condemned  for  wear  of  the 
treads  rather  than  for  that  of  the  flanges,  and  this  with  compara- 
tively sharp-cornered  rails. 

For  the  lower  corner  of  head  I  have  adopted  ^-inch  radius,  which 
is  as  sharp  as  the  good  of  the  rolls  will  permit,  and  gives  all  pos- 
sible bearing-surfaces  for  the  splice-bars.  Why  the  Pennsylvania 
people  increased  the  radii  of  their  under  corners,  while  retaining 
the  splice-bars,  is  beyond  my  ken. 

Without  at  all  considering  the  merits  or  demerits  of  any  class  of 
joints,  it  is  proper  to  notice  the  argument  advanced  by  certain  ad- 
vocates of  the  Fisher  joint,  that  the  adoption  of  splice-bars"  has 
forced  a  desigrn  of  rail  in  which  the  metal  is  not  distributed  to  the 
best  advantage.  This  statement  is  correct  to  only  a  very  limited 
extent,  and  whenever  the  bounds  set  in  reference  to  height  and 
weight  are  so  proportioned  to  the  duty  to  be  exacted  as  to  permit 
a  rational  design  of  both  rail  and  splice,  the  influence  of  the  latter 
as  a  factor  of  importance  will  disappear.  For  instance,  if  the  Fisher 
joint  should  be  universally  substituted  for  the  angle-bars,  the  only 
consequent  modification  of  the  proposed  section  to  be  recommended 
would  be  a  small  increase  of  the  radii  of  the  lower  head-corners, 
and  of  the  upper  fishing  angles  to  about  17°,  reducing  the  weight 
perhaps  1  pound  per  yard,  with  a  slight  loss  in  vertical  stiffness. 

It  is  true  that  current  patterns  have  suffered  in  design  by  the 
cutting  away  of  fillets  to  obtain  bearing-surfaces;  but  this  is  the 
natural  result  of  narrow  heads,  which  are  in  themselves  evils  to  be 
corrected. 

Nothing  like  a  return  to  the  old  pear-head  is  to  be  thought  of    We 
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require  a  certain  rectangular  section  for  bearing-surface  as  wear  pro- 
ceeds, and  to  pack  more  metal  underneath  than  liberal  fillets,  and 
say  17°  angles,  provide  is  slieer  waste.  It  is  not  more  true  that  the 
requirements  of  splice-bars  led  to  the  adoption  of  current  patterns, 
than  that  the  properties  of  steel  permitted  it  for  other,  and  equally 
valuable,  considerations.  The  Delaware,  Lackawanna,  and  Western 
rail,  Fig.  9,  as  worn  to  the  dotted  lines,  is  still  in  use  under  the 
heaviest  traffic,  and  yet  the  flattening  of  the  fishing-angle  is  hardly 
measural)le  with  the  template.  The  fillets  of  Fig.  14  are  ample 
for  rolling,  and  for  the  transmission  of  both  cooling  and  working 
stresses. 

The  fishing-angles  are  taken  at  14°,  the  same  as  the  Lehigh 
Valley.  This  is  very  favorable  for  the  angle-bars,  and  answers 
fairly  well  for  rolling,  although  not  quite  equal  to  Sandberg's  angle 
of  15°.  The  Pennsylvania  angle  of  13°  is  very  troublesome  with 
wide  flanges,  and  can  only  be  rolled  at  quite  high  temperatures — a 
condition  that  is  certainly  not  favorable  to  the  wearing  qualities  of 
the  rail. 

Exception  will  undoubtedly  be  taken  to  the  percentage  of  metal 
in  the  proposed  flange,  but  it  is  there  for  a  purpose.  Flange-metal 
is  on  the  average  farther  from  the  neutral  axis  than  head-metal,  and 
therefore,  at  least  with  this  form  of  web,  counts  for  more  in  stiffen- 
ing the  rail.  Thin  flanges  are  notoriously  hard  to  roll,  because  of 
their  form,  which  prohibits  a  direct  compression,  beyond  a  little 
edging,  and  because  they  cool  quickly. 

Aside  from  the  effect  of  strains  set  up  by  difference  in  time  of 
cooling  between  head  and  flange,  upon  which  our  information  is 
meagre  and  opinions  vary,  there  is  the  point  raised  by  Sandberg 
that  thin  flanges  keep  the  carbon  down,  and  we  all  know  that  they 
keep  the  rolling  temperatures  up. 

So,  gentlemen  of  the  railroads,  if  you  want  hard  and  dense  rails, 
do  not  call  for  flatter  angles  and  thinner  edges  than  this  design 
indicates  for  bases  of  that  width,  and  do  not  call  for  less  than  14° 
for  any  width  whatever. 

The  following  table  shows  the  distribution  of  metal  by  percent- 
ages in  three  of  the  patterns  illustrated  : 


Sandberg's  100  lb. 
Per  cent. 

Head, 43 

Web, 22 

Flange, 35 


Pa.  G7  lb. 

Proposed  88  lb. 

Per  cent. 

Per  cent. 

49.4 

49.8 

18.2 

16 

32.4 

34.2 
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Fig.  23  Flange  Worn  Rail,  Lehigh  Valley  R.  R 


Fig.  24 


Fig.  25 


Fis.  23 


796  EAIL-SECTrONS. 

The  divergence  between  American  practice  and  Mr.  Sandberg's 
latest  design  is  very  marked  in  the  distribution.  The  proposed 
design  has  less  flange  than  Sandberg's,  and  more  than  the  Pennsyl- 
vania, and  less  web  than  either ;  but  to  show  the  actual  stiffness  of 
the  web,  and  the  effective  style  in  which  the  metal  is  disposed,  atten- 
tion is  called  to  the  figures  arranged  in  column  on  the  right  of  Fig. 

t^ 
14.     These  are  the  values  of  y-^  as  heretofore  explained,  and  are 

intended  for  comparison  with  other  rails  similarly  marked,  which 
have  stood  the  test  of  actual  service. 

The  minimum  of  this  section  is  562,  that  of  the  Tjehigh  Valley 
432,  Pennsylvania  422.  Fig.  8  is  from  a  lot  that  recently  passed 
through  Scranton,.  and  was  rolled  at  Barrow,  England,  for  an 
American  road.  The  web  attracted  attention^  and  its  least  value  is 
311.  Sandberg's  70  pound.  Fig.  4,  gives  only  160,  and  as  in  all 
his  patterns,  the  plane  of  minimum  resistance  is  so  far  from  the 
neutral  axis  that  the  metal  is  subjected  to  a  severe  combined  stress. 

The  objeetions  to  thin  flanges  do  not  equally  apply  to  the  web. 

Its  position  shields  it  from  as  rapid  cooling,  and  it  receives  direct 

rolling  pressure  with  more  work  than  the  other  parts.     We  know 

by  Mr.  Sandberg's  own  testimony  {Traiisadions,  ix.,  602),  that  he 

has  had  trouble  at  the  joints  from  the  wear  of  the  web  at  top  and 

bottom  by  the  rubbing  of  splice-bars,  and  it  is  fair  to  suppose  that 

liis  disproportionate  increase  of  web  in  the  later  patterns  is  based  on 

such  experience.     Even  in  these,  the  great  height  and  parallel  web- 

t^ 
section  keep  the  values  of  -y-^  quite  low,  and  it  does  not  appear  that 

anything  has  been  gained  by  increasing  the  middle  jx)rtion  of  the 
web. 

Here  again  the  remedy  should  be  a  wider  head  with  more  room 
on  the  under  side  for  adjustment  of  the  splice-bars  before  they  strike 
the  fillets. 

Mr.  Sandberg's  practice  heretofore  has  been  to  make  all  his  rail- 
tops  with  a  radius  of  6  inches.  Such  a  head  must  groove  the  wheels 
badly.  Figs.  5,  6,  and  7  are  copied  literally  from  blue  prints  re- 
cently sent  over  by  him.  The  top  radii  are  figured  6,  but  drawn 
12  inches. 

The  ada))tation  of  the  proposed  pattern  to  the  Master  Car 
Builders'  standard  tire  is  shown  by  P^ig.  19. 

It  will  be  remembered  that  the  calculation  for  increase  of  vertical 
stiffness  over  the  67-pound   Pennsylvania,  called  for  by  the  present 
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traffic  conditions  on  the  Pelawaro,  Lackawanna  and  Western  Rail- 
road, indit-ited  a  ratio  ot"  1.G5,  or  65  per  cent,  additional.  The 
actual  increase  given  by  the  proposed  design  is  as  the  respective 

„.       .        .       28.841  —  17.541       ^,  ... 

moments  or  inertia,  viz.,  ^  b4  per  cent.,   while 

1  i  .541 

.     .  .         •  w       ,    87.70  —  68.44       ..^  . 

tlie  increase  in  weicjnt  is  only  .  .  .  . =  28  per  cent. 

*=  -^  68.44.  ' 

The  punishment  which  sleepers  receive  when  compelled  to  support 
light  rails  under  heavy  loads  is  well  illustrated  in  the  Delaware, 
Lackawanna  and  Western  track  eastward  from  the  Lackawanna 
Iron  and  Coal  Company's  office.  The  rails  there  arc  worn  as  in 
Figs.  9  and  22,  and  the  section,  originally  very  light  for  this  traffic, 
is  greatly  weakened.  As  might  be  expected,  they  have  sunk  bodily 
into  the  tit^  2  ^o  f  inch.  These  rails  have  been  tilted  outward  by 
the  crushing  of  the  ties,  which  accounts  for  the  form  of  wear.  When 
kept  in  normal  position  the  heads  wear  nearly  flat  across  the  top. 
Fig.  2(5  shows  characteristic  tangent-wear. 

With  the  idea  of  eiii«ing  the  passage  of  wheels,  some  railroad 
engineers  have  advocated  cutting  the  rail-ends  to  a  mitre.  This  is 
an  objectionable  nostrum  for  an  imaginary  disease.  The  effect  of 
weak  joints  is  to  develop  the  ballistic  tendency,  described  on  page 
9,  Fig.  B,  and  the  blow  is  delivered,  not  at  the  rail- ends,  but 
some  inches  beyond.  So  marked  is  this  action,  that  on  a  double- 
tracked  road  in  the  usual  state  of  repair,  the  direction  in  which  the 
trains  run  can  be  instantly  determined  by  a  glance  at  the  joints. 

A  word  in  reference  to  templates.  Very  few  of  those  furnished 
by  the  railroads  are  accurate.  As  the  average  mechanic  to  whom 
such  work  is  intrusted  has  a  supreme  contempt  for  sixty-fourths, 
the  insjieotor  not  infrequently  comes  around  with  a  different  template 
from  that  previously  sent  to  the  mill.  But  a  greater  mischief  is 
done  when  templates  are  made  from  templates,  and  errors  are  mul- 
tiplied. In  at  least  one  case,  that  of  a  Western  road,  their  pattern 
actually  grew  by  this  process  into  a  new  design,  for  which  separate 
rolls  had  to  be  kept;  and  other  instances  have  only  Ijeen  averted 
by  discovery  and  negotiation. 

Each  new  template  should  be  fitted  to  an  accurate  hard-paper 
drawing,  not  a  tracing  or  blue  print;  and  in  making  the  drawing 
the  fishing-angles  should  be  laid  off  by  calculating  the  triangles, 
and  not  by  protractor.  One  difficulty  in  making  templates  is  to  get 
them  symmetrical.  Their  accuracy  in  this  respect  should  be  tested 
by  reversing  upon  the  drawing. 
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DISCussIO^r. 

C.  P,  Sandberg,  London,  England  (Communication  to  the  Sec- 
retary) :  I  regret  that  Mr.  Mattes  has  copied  his  Figs.  5,  6,  and  7 
from  the  blue  prints  which  I  iirst  sent  over.  Afterwards  (too  late 
for  his  use  in  this  ])aper)  I  sent  lithographed  sections,  containing 
certain  corrections.  The  radius  of  rail-top  given  in  Figs.  4,  5,  6, 
7,  and  8,  as  6  inches,  should  be  10  inches.  The  following  dimen- 
sions should  be  substituted  in  Figs.  6  and  7  for  those  in  the  present 
figures:  in  Fig.  6,  height  of  web,  2f  inches,  instead  of  2||^;  height 
of  head,  Iff,  instead  of  If  ;  and  in  Fig.  7,  thickness  of  web  f  ^  inch, 
instead  of  jg.  The  width  of  bearing-surface  under  the  head  is  not 
given  in  figures  in  Mr.  Mattes'  illustration.  It  is  in  Fig.  5  (80- 
pound  rail)  {g  inch;  and  in  Figs.  6  and  7  (90  and  100-pound  rails) 
f  inch. 

With  regard  to  Mr.  Mattes'  citation  of  my  own  testimony,  and 
his  inference  as  to  my  reason  for  increasing  the  thickness  of  the 
web,  I  beg  to  say,  first,  that  the  case  illustrated  by  me  (Transactions, 
ix.,  602)  was  not  one  of  my  sections.  It  was  taken  from  a  German 
railroad,  and  exhibited  the  wear  of  web  with  loose  fish-plates.  As 
the  diagrams  show,  there  is  also  in  that  section  too  great  a  fishing- 
angle.  It  must  be  confessed,  however,  that  my  language  on  that 
occasion,  to  the  effect  that  this  case  showed  "  that  there  is  some 
'body '  required  even  for  the  flange  and  web  of  the  rail  to  resist  the 
wear  and  tear  at  the  joint,"  might  naturally  lead  Mr.  Mattes  to 
infer  that  this  was  my  reason  for  increasing  in  subsequent  designs 
the  proportional  thickness  of  the  web.  Such,  however,  is  not  the 
case.  My  reason  was  simply  based  on  the  experience  of  many 
years  as  to  the  behavior  in  the  track  of  rails  with  relatively  thin  and 
thick  webs.  The  latter  keep  up  to  the  level ;  the  former  bend  down 
at  the  ends  or  joints,  after  millions  of  tons  have  passed  over  them. 
I  think  this  prolonged  test  in  the  track  is  more  reliable  than  single 
tests  or  calculations ;  in  fact,  it  is  the  only  reliable  one. 

The  thickening  of  the  web  downwards,  as  proposed  by  Mr. 
Mattes,  has  been  in  use  for  twenty  years  on  one  of  the  Irish  rail- 
ways, as  the  accompanying  diagram,  Fig.  29,*  will  show,  but  has 
not  been  adopted  elsewhere  to  my  knowledge.     The  mitred  cutting 

*  Note  by  the  Secretary. — Changes  in  tlie  arrangement  of  the  text,  made 
after  tlie  engravings  were  numbered,  have  brought  Figs.  27,  28,  and  29  into  inverse 
order. 
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of  rail-ends,  which  he  mentions  anil  justly  conilemns  as  useless,  was 
tried  in  A\'ales  some  twenty  years  ago  and  abandoned. 

After  all,  I  have  little  to  say  concerning  the  minute  details  of 
rail-seetions,  in  view  of  the  much  greater  importance,  in  my  view, 
of  insisting  upon  inei-eascd  weight  (permitting  increased  hardness) 
of  rails,  to  suit  them  to  the  severe  requirements  of  modern  traffic. 
I  fear  it  is  no  longer  possible,  if  it  ever  was,  to  bring  manufacturers 
and  engineers  to  unite  upon  standard  sections.  Meanwhile,  the 
crying  need  of  the  hour  is  more  metal  in  the  rail.     Last  year  I 


_i 


Fig.  29.  Gresf  Midland  Railway  of  Ireland. 

i 


ventured  to  prophesy  accidents  on  American  roads  from  too  great 
economy  of  material  ;  and  I  am  sorry  to  see  that  the  winter  proved 
my  prophesy  true.  We  have  had  our  warnings  in  Europe  also; 
and  with  us  the  change  which  they  indicated  is  rapidly  coming  to 
pass.  I  trust  the  same  will  be  the  case  in  the  United  States.  Mathe- 
matical formulas  are  very  well ;  but  let  them  not  be  used  to  justify 
light  weight ! 

My  views  have  been  so  often  stated  that  I  need  not  repeat  them* 
here.     They  may  be  summed  up  in  a  single  sentence.     We  can  get 
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increase,  both  of  safety,  comfort,  and  durability,  by  using  heavier 
and  liarder  rails. 

Mr.  Mattes  (Communication  to  the  Secretary) :  It  is  very  satis- 
factory to  have  Mr.  Sandberg's  assent  to  a  longer  radius  for  top- 
bearing  surface.  In  the  way  of  further  comment  upon  the  proposed 
design  of  head,  I  quote  from  the  Railroad  Gazette  of  April  15th : 

•"  The  section  whinli  he  presents, does  not  strike  one  favorably  at  first 

sight;  ...  .  but  its  merits  grow  as  it  is  studied.  The  head  would  seem  to  be 
better  proportioned  than  either  of  the  other  sections  shown,  as  its  greater  breadth 
and  the  longer  radius  of  the  crown  will  give  more  surface  to  carry  the  rolling  load 
as  the  top  begins  to  wear  down.  That  is,  more  surface  is  given  to  resist  crushing 
and  abrasion,  and,  consequently,  the  wear  will  be  slower.  So  far  as  the  rail  is  con- 
cerned, instead  of  adding  to  its  life  by  piling  more  metal  on  top  to  longer  resist 
rapid  weai;,  the  same  tiling  is  accomplished  by  providing  for  slower  wear.  Hence, 
less  change  in  the  vertical  strength  in  the  given  time,  and  less  rapid  sharpening  of 
the  upper  corner.  So  far  as  the  wheel  is  concerned  the  broader  head  must  help  to* 
postpone  the  Jiollow  tread.  But  while  Mr.  Mattes  has  gone  so  far,  why  did  he  not 
make  the  sides  of  the  head  vertical,  and  put  tlie  small  amount  of  metal  cut  off  from 
the  lower  corners  somewhere  else,  say  on  top  ?  He  would  have  put  off  the  day 
when  the  sides  will  begin  their  vicious  work  of  grinding  off  the  flanges,  and  have 
given  better  angles  at  the  lower  corners  for  rolling.  The  upper  bearings  of  the 
splices  would  still  have  been  as  great  as  the  Sandberg  '  Goliath,' and  not  more 
than  y'^  of  an  inch  less  than  the  Sayre  76,  which  we  believe  has  never  broken  an 
angle-splice  yet." 

After  all  that  has  been  said  and  done  and  suffered,  in  the  evolu- 
tion of  the  old  pear-head  into  its  j)resent  form,  Mr.  Forney,  in  the 
Railroad  and  Engineering  Journal  for  May,  calmly  raises  the  ques- 
tion, "whether  a  fishing  angle  of  30°  can  be  used  without  unduly 
straining  the  fish-bolts,"  and  then  proceeds  to  offer  evidence  to  show 
that  the  bolts  will  not  break. 

A  sufficient  answer  might  be  given  by  reference  to  page  794  of  this 
paper,  and  to  pages  194,  369,  532,  and  533,  vol.  ix.  of  Transactions  ; 
the  fact  being  that  this  criticism,  like  the  comments  of  the  Gazette 
upon  bearing-surface,  mi.sses  the  mark.  With  sections  of  the  pro- 
posed weight  we  fear  abrasion,  not  breakage;  and  we  are  designing 
for  future  years,  with  the  increased  severity  of  conditions  which 
traffic  requirements  will  demand,  and  heavy  sections  invite.  We 
require,  under  years  of  service,  a  degree  of  rigidity  at  the  joints 
which  can  never  be  obtained  with  a -30°  angle,  or  anything  like  it. 
A  perusal  of  the  above  references  will  also  acquit  me  of  the  charge, 
which  Mr.  Forney  makes,  of  adopting  equal  angles  at  top  and 
•bottom  from  mere  force  of  habit. 

The  sloping  sides  of  the  VV^elch-Sayre-Chanutc  head  have  been 
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90  almost  universally  adopted  by  American  engineers,  that  T  did 
not  anticipate  any  serious  opposition  to  6°  aiiijlcs.  But  as  the 
|>eritxlioal  re-exainination,  which  all  things  in  this  age  liave  to 
undergo,  appears  to  he  questioning  our  jn-acticc  in  this  respect,  it 
may  be  well  to  have  the  principal  arguments  therefor  sj)read  upon 
the  record. 

Mr.  Chunute  was  led  to  the  adoption  of  this  feature  by  a  syste- 
matic observance  of  actual  forms  of  wear.  But  while  his  method 
and  conclusion  have  been  apjiroved  by  our  highest  authorities,  it  is 
very  probable  that  the  beveled  side  owes  much  of  its  popularity  to 
the  facility  with  which  it  furnishes  the  bearing-surface  necessary  to 
the  repose  of  the  tish-bar  in  old  age.  It  also  serves  a  useful  purpose 
in  maintaining  the  gauge  and  the  width  of  head  against  lateral 
wear;  more  or  less  of  wiiich  is  inevitable  with  any  form  of  head. 

It  is  undeniable  that  excessive  side-slope  leads  to  excessive  wear, 
and  the  question  thus  becomes  closely  related  to  that  of  corner- 
radius.  In  the  determination  of  these  proportions  we  must  have 
reference  to  the  wheel-profile,  and  here  comes  in  the  great  law  of 
averages.  It  is  the  average,  not  the  new  wheel  that  we  have  to 
deal  with,  and  its  form  will  be  determined  in  part  by  the  car-builders 
and  in  part  by  the  rail-pattern.  With  a  sharp-cornered  rail,  the 
flange  of  a  new  wheel  is  held  away  from  the  rail,  but  the  concen- 
trated pressure  soon  eats  away  the  throat-fillet,  and  the  average  pro- 
file will  show  a  tendency  toward  Figs.  15  and  26,  resulting  in  a 
constantly  increasing  chamfering  of  the  sides.  On  the  other  hand 
an  excessive  corner-radius  establishes  at  once  an  unprofitable  grind- 
ing contact.  An  excessive  slope  carries  down  the  contact  at  an 
early  stage,  and  the  lateral  pressure  is  supplemented  by  a  component 
of  the  vertical. 

Observations  of  wear  upon  the  later  Pennsylvania  ])atterns  showed 
a  slight  excess  of  lateral  contact,  and  the  question  was  how  to  re- 
duce it.  Comparison  with  other  rails,  and  consideration  of  the 
probable  throat-radius  of  the  average  wheel,  pointed  to  a  reduction 
of  the  corner-radius.  Possibly  this  should  have  been  reduced  to 
\  inch.  It  was  fixed  at  nine-sixteenths  because  it  was  evident  that 
only  a  slight  reduction  was  needed,  because  the  larger  radius  is 
better  for  the  wheels,  and  because  the  universal  adoj)tion  of  a  large 
radius  by  the  railroads  will  so  improve  the  average  wheel,  as  to 
partly  correct  the  trouble. 

The  Railroad  Gazette  says  : 

VOL.  XV. — 51 
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"It  will  be  noticed  that  the  minimum  thickness  of  the  web  in  this  88-pound  rail 
is  half  an  inch,  tlie  same  as  the  Sayre  76-pound  section,  the  Pennsylvania  75 
and  67-pound,  and  the  Delaware,  Lackawanna  and  Western  67,  and  one-sixteenth 
less  than  the  Sandberg  90.  But  an  attempt  has  been  made  to  increase  the  thickness 
of  the  web  toward  the  base  somewhat  in  proportion  to  the  increase  of  the  leverage 
of  the  forces  acting  horizontally  to  overturn  the  rail.  This  is  a  good  idea,  and  a 
scientific  disposition  of  the  metal ;  but  it  is  a  question  if  the  web  might  not  be  even 
thinner  at  tlie  neutral  axis.  This  is  a  question  of  rolling  rather  than  of  strength. 
The  experiment  of  Von  Weber,  given  on  another  page,  showed  that  with  a  web 
planed  down  to  less  than  ^  inch  the  spikes  were  drawn  before  the  rail  began  to  de- 
flect. It  would  seem,  therefore,  a  question  for  railmakers  to  decide  whether  or  not 
we  can  economize  in  the  web,  and  put  the  saving  somewhere  else.  Sandberg 
evidently  thinks  not." 

The  Railroad  and  Engineering  Journal  says : 

"The  shape  of  rail  proposed differs  from  "rail-sections  in  ordinary  use, 

chiefly  in  having  a  wider  head  in  proportion  to  its  weight,  and  a  web  that  is  thicker 
at  the  bottom  than  at  the  top.  The  reason  for  this  increase  in  the  thickness  of  the 
^veb  is  that  it  increases  the  lateral  strength  and  the  vertical  stiffness  of  the  rail. 
But  do  we  need  more  strength  in  our  rails  to  resist  the  lateral  thrust  of  the  wheels  ? 
1)0  rails  bend  or  break  in  the  web  ?     If  they  do,  it  is  not  generally  known." 

After  quoting  the  Von  Weber  experiment,  the  Journal  proceeds : 

"His  conclusion  was  that  webs  f  or  j  inch  thick  were  amply  strong  enough  in 
practice.  In  fact,  on  a  straight  line,  there  is  very  little  lateral  thrust,  and  on  curves 
the  curvature  of  the  rail  increases  the  lateral  strength  enormously.  It  would  seem, 
therefore,  that  to  thicken  up  the  lower  part  of  the  web  adds  to  its  strength  where 
no  addition  is  needed.  In  fact,  to  make  the  lateral  strength  of  the  web  greater  than 
the  resistance  of  the  spikes,  is  useless  " 

The  Gazette  states  the  case  fairly,  which  the  Journal  does  not. 
For  reasons,  both  of  manufacture  and  service,  the  thickness  of  web 
must  be  somewhat  relative,  and  to  increase  the  other  parts,  retaining 
the  same  minimum  of  web,  is  practically  to  reduce  it.  This  is 
illustrated  by  the  table  of  distribution  on  page  20.  In  cases  of 
equal  weights,  my  system  permits,  and  proposes,  an  actual  reduction 
of  minimum  thickness,  as  was  clearly  explained  in  connection  with 
Figs.  2  and  3. 

As  the  Von  Weber  experiments  have  really  no  practical  value,  it 
would  not  be  Avorth  while  to  pay  them  much  attention,  were  they 
not  so  continually  quoted.  For  this  reason  I  propose  an  examina- 
tion, and  reproduce  the  Gazette's  description  in  full. 

"  A  piece  of  rail  6  feet  in  length  was  rolled  of  the  best  iron  at  the  Laurahutte  in 
Silesia.  It  was  siij)ported  at  distances  of  35  43  inches,  and  loaded  nearly  to  the 
limit  of  elasticity  (previously  determined  by  experiments  on  other  pieces  of  the 
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same  railV  and  the  deflections  carefully  nieasurod  In-  an  instrument  capable  of  reg- 
istering O.tKtl  of  an  inch  with  great  aiviiraoy.  Ti>e  wob  of  the  rail  was  then  jUaned 
down,  and  eaci>  time  that  its  thickness  was  reduced  three  nuliimeters  (0.12  inch), 
the  vertical  dedection  under  the  almve  load  was  taken,  and  the  lateral  strength  was 
tested  in  the  following  way  :  The  piece  of  rail  was  fastened  to  twice  as  many  fir 
sleepers  by  twice  as  many  spikes  as  would  be  used  in  practice,  and  a  lateral  pressure 
was  applieil  to  the  head  of  the  mil  by  a  lifting  jack,  until  the  rail  -began  to  cant  and 
the  spikes  were  drawn.  The  same  thing  was  then  done  by  a  sudden  pull,  the  appa- 
ratus useil  being  a  long  lever  fastened  to  the  top  of  the. rail.  The  lifting-jack  and 
the  lever  were  applieil  to  the  ends  of  the  rail,  and  the  web  of  tiie  latter  had,  in 
each  case,  to  resist  the  whole  strain  required  for  drawing  out  the  spikes.  The  re- 
sult of  the  experiments  made  to  ascertain  the  resistance  of  the  rail  to  vertical 
flexure  with  diflerent  thicknesses  of  web,  and  under  a  load  of  5000  pounds,  were  as 
follows: 

Thickness  of  Vertical 
web.  in.                                                                                                         dcQection,  in. 

0.50, 0.016 

0.47, 0.016 

0.35, 0.019 

0.24, 0.0194 

0.12, 0  022 

"  These  results  show  ample  stiflness  even  when  the  web  was  reduced  in  tliickness 
to  0.12  inch.  To  determine  the  power  of  resistance  of  the  rail  to  lateral  flexure, 
an  impression  of  the  section  was  taken  in  lead  each  time  that  the  spikes  were 


'  7      "  J 

'  Fig.  28|   Von  Weber's  Rail 


drawn.  The  forces  applied  in  these  experiments  were  very  far  greater  than  tho.se' 
occurring  in  practice,  yet  it  was  found  tliat  with  the  web  0.47,  0.35,  and  even  0.23 
inch  thick,  no  distortion  took  place,  and  only  when  the  thickness  of  the  web  was 
reduced  to  3  millimeters  (0.12  inch)  was  a  sliglit  permanent  lateral  deflection  of  the 
head  caused  just  as  the  spikes  gave  way.  The  section  had  then  been  reduced  to^ 
that  shown  in  the  cut. 
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"Next  a  rail  with  the  web  reduced  to  3  millimeters  (0.12  inch)  in  thickness  was 
placed  in  the  line  leading  to  a  turn-table  on  the  Western  Railway  of  Saxony,  where 
it  has  remained  until  the  present  time  (1870),  receiving  more  tlian  one  hundred 
times  daily  the  shocks  due  to  engines  passing  to  and  from  the  turn-table." 

If  the  rail  was  secured  to  twice  the  u.sual  number  of  ties,  the 

35  43 
spacing  was  — '^ —  =  17.72  inches.     The  force  was  applied  at  one 

end  of  the  rail,  and  the  latter  would  be  most  favored  by  driving 
the  spike  to  be  drawn  directly  under  the  point  of  application.  Now 
it  is  plain,  that  as  the  second  spike  was  17.72  inches  away,  some- 
thing less  than  that  length  of  web  was  available  for  drawing  spike 
number  one,  and  also  that  for  the  length  available  the  web  would 
not  be  uniformly  strained.  Bat  neglecting  these  conditions  for  the 
present,  we  have  a  horizontal  force  with  a  leverage  of  4  inches, 
against  the  spike  leverage  of  2>\  inches.  The  horizontal  force  then 
necessary    to    balance   a   spike   resistance   of   3000   pounds,*    was 

3000  X  3- 

=:  2906,  acting  upon  the  plane  of  minimum  resistance  of 

web  with  a  leverage  of  3  inches;  and,  therefore,  the  bending  moment 

17  79V   1 9^ 
is  M  =  3  X  2906  =  8718.     Moment  of  inertia  is  I  =  /; 

=  .00255,  and  maximum  fiber-stress  is  S  =  ----  =  205,130. 

This  value  of  S  seemed  so  extraordinary,  even  if  a  large  allow- 
ance be  made  for  the  failure  of  the  above  formulae  to  correctly 
report  upon  rectangular  sections,  that  it  was  decided  to  check  the 
experiment  by  trial. 

A  piece  of  Delaware,  Lackawanna  and  Western  67-pound  rail, 
24|  inches  long,  was  planed  down  in  the  web,  by  a  round- nosed 
tool,  to  a  thickness  of  |  inch.  It  was  then  spiked,  at  the  middle, 
to  a  hemlock  tie;  two  spikes  being  placed  on  the  outside  to  hold 
the  rail  in  place,  and  one  on  the  inside,  to  be  drawn.  Pressure  was 
applied  to  the  head,  directly  over  the  inside  spike  by  a  hydraulic 
ram,  the  spike  started,  and  the  rail  was  found  to  have  received  a  set 
of  five  sixty-fourths  inch,  measured  at  the  point  of  application  of 
the  ram.  Taking  the  spike-resistance  in  this  case  alsoat  3000  pounds, 
calculation  gives  S  =  150,000.     The  position  of  the  rail  toward  the 


*  Trantwine's  figures,  Engineeys  Pocket  Book,  page  762,  may  be  affirmed  by  any 
one  experienced  in  drawing  spikes — and  conclusions,  with  tlie  common  claw-bar. 
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ram  being  tlicn  reversed,  it  was  spiked  to  an  oak  tie,  and  an  applica- 
tion of  pressure  doubled  it  over  without  disturbing  the  spikes. 

Of  course  a  single  experiment  is  not  conclusive;  but  the  high 
values  of  S  obtained  in  both  cases  with  comparatively  soft  ties,  the 
undue  favorable  assumptions  in  the  calculation  of  the  von  Weber 


Fig.  27;   L.  V.  R.  R.  Sayre  76  Lbs. 


rail,  and  the  fact  that  his  was  iron  and  mine  excellent  steel,  make 
it  reasonably  certain  that  his  spikes  drew  too  easily  for  comparison 
with  American  roads. 

To  fully  bring  out  the  worthlessness  of  such  experimental  data, 
we  have  only  to  remember  that  a  hollow  wheel-tread  or  a  worn  rail- 
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top  is  liable  to  cause  the  thrust  of  a  flange  to  be  accompanied  by  an 
application  of  the  entire  vertical  load  a  considerable  distance  outside 
the  center  of  gravity  of  the  rail-base. 

Mr,  Sayre  has  kindly  sent  me  a  piece  of  the  Mauch  Chunk  rail, 
which  is  shown  by  Fig.  27.  The  radius  of  corner  curve,  as  worn  by 
the  wheels,  is  precisely  y'g  inch  for  an  arc  of  f  inch  chordal  length, 
fulfilling  my  prediction  that  this  rail  would  be  found  no  exception 
to  the  general  rule.  The  web  shows  a  permanent  outward  set,  which 
is  also  exhibited  by  a  piece  in  the  possession  of  Mr.  John  Fritz,  of 
the  Bethlehem  works.  On  the  other  hand,  Mr.  Sayre  has  several 
specimens  which  are  not  distorted.  From  such  evidence  as  I  could 
obtain  at  Bethlehem,  I  understand  these  pieces  to  have  been  cut 
from  one  bar,  in  a  vertical  slotter,  and  while  it  is  possible  that  the 
distortion  was  effected  in  the  rolling  mill,  my  belief  is  that  the  web 
was  sprung  in  service,  partly  by  the  unusual  thrust,  and  partly  by 
an  outside  application  of  vertical  pressure  brought  about. by  the 
wearing  away  of  the  head.  That  some  pieces  show  no  springing 
may  be  accounted  for  by  supposing  them  to  have  been  taken  from 
near  a  joint,  where  the  rail  was  supported  by  the  heavy  angle-bar. 
Mr.  Sayre  does  not  agree  to  this  opinion,  and,  perhaps,  the  ques- 
tion has  little  importance,  as  the  circumstances  were  altogether 
abnormal. 

Apart  from  strength,  we  may  some  day  have  occasion  to  inquire 
as  to  the  extent  and  effect  of  lateral  springing,  within  the  elastic 
limit,  under  the  thrust  of  high-speed  trains.  As  a  lateral  deflection 
of  .096  inch  in  the  middle  of  a  6-foot  length  will  correspond  to  the 
ordinate  for  a  10°  curve,  there  is  a  possibility  of  sensibly  affecting 
the  alignment.  Mr.  Fritz  suggests  that  a  certain  elasticity  is  neces- 
sary, or,  at  least,  desirable.  It  seems  to  me  that  we  can  afford  to 
allow  very  little,  and  certainly  had  very  little  with  the  old  pear- 
head  rails. 

Such  weighty  testimony  as  Mr.  Sandberg  offers,  in  explanation 
of  his  action  in  increasing  the  percentage  of  his  web-metal,  should 
be  seriously  considered.  Unless,  however,  there  is  something  in  the 
behavior  of  beams  under  impact  which  should  further  modify  our 
designs,  I  still  think  that  his  metal  might  be  better  disposed. 

Our  ordinary  method  of  calculating  the  deflection  of  beams  gives 
no  clue  to  the  ability  of  the  web  to  transmit  stresses  to  the  flange. 
Mathematically  the  web  may, be  merely  a  line.  It  has  already  been 
pointed  out  that  in  Mr.  Sandberg's  sections  the  plane  of  mininuim 
resistance  to  lateral  thrust  is  so  far  down  as  to  incur  a  severe  com- 
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bined  streiss.  Is  it  not  very  probable  that  the  defortiintion  at  tlie 
joints,  which  he  experienced  with  thin-webbed  rails,  is  due  to  a 
longitudinal  compressive  set,  taken  by  the  fibers  at  this  same  plane, 
where  all  the  web-stresses  reach  a  maximum? 

Mr.  Sandbei^'s  Irish  rail  was  a  good  one  for  its  day,  but  proves 
too  much,  being  out  of  all  re:isonable  proportion. 

Right  here  an  explanation,  which  should  have  been  in  the  text  of 
this  paper,  will  be  appropriate.  It  is  not  desirable  that  the  resist- 
ance of  the  web  to  lateral  thrust  alone  shall  be  absolutely  uniform 
from  the  neutral  axis  down,  as  would  be  the  case  if  the  load  were 
always  centrally  applied,  and  no  difficulties  were  to  be  encountered 
in  the  rolling  mill.  When  the  vertical  load  is  out  of  center  a  certain 
distance,  it  acts,  with  a  leverage  equal  to  that  distance,  to  develop  a 
lateral  bending-strain  in  the  web,  which  reaches  its  maximum  where 
the  web  is  thinnest.  This  is  one  reason  why  the  thinnest  place 
should  be  located  where  all  other  strains  are  lightest,  viz.,  at  the 
neutral  axis. 

If  we  consider  the  88-pound  section  under  the  somewhat  excep- 
tional circumstance  of  a  driver-load  Wj  applied  a  distance  C  ==  1 
inch,  outside  of  the   center-line,  accompanied   by   a  flange-thrust 

W  =     -,  the  comparative  quantities,  indicating  resistances  of  the 

different  web-planes  to  lateral  deflection,  will  be  somewhat  modified. 

Treating  as  on  page  5,  we  shall  obtain  S  =  +    owi'      ^^^ 

length  =  1,  or=  — ^ p =' and  deflection  of  the  different  planes 

will  be  as  the  variables ; ,  the  resistances  being  as  -, ,    ,    ... ..,  ' 

Solving  as  before,  and  tabulating  with  the  previous  calculation,  we 
have : 

t3  tS 

Sections.  Values  of  :;r- — -— .  Values  of.-,. 

hi  -\-  bU'*  h^ 

1 700  1054 

2, 592  819 

3, 518  668 

4 485  593 

5, 479  562 

6, 497  575 

The  first  series  of  resistance  is  considerably  more  uniform  than 
the  other,  the  ratio  of  highest  to  lowest  being  -—  =  1.46  against 
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-— —  =  1.88.     Until  we  have  had  experience  in  rolling  and  using 

sections  approximating  this  in  form  and  weight,  any  further  equali- 
zation by  reduction  of  minimum  thickness  of  web  is  not  to  be  re- 
commended, nor  likely  to  find  favor  with  railway  managers. 

Nothing  revolutionary  has  been  attempted  in  the  design  of  this 
web.  Besides  the  Irish  rail,  I  have  been  presented  with  evidence 
to  show. that  other  rails  have  been  rolled  of  somewhat  this  form ; 
but  none  of  them  have  approximated  the  required  conditions,  which 
are  :  1st,  a  web-resistance  to  lateral  deflection,  at  or  near  the  lower 
fillets,  equal  to  the  demands  of  experience ;  and  2d,  resistance,  from 
the  neutral  axis  down  to  the  fillets,  as  nearly  uniform  as  due  regard 
for  the  requirements  of  the  rolling-mill  will  permit.  The  first  of 
these  requirements  is  paramount,  because  it  is  a  condition  of  safety  ; 
and  Mr.  Sandberg  is  quite  right  in  insisting  upon  it.  The  second 
is  a  condition  of  economy  ;  and  the  precise  question  is,  whether  it 
can  be  secured  without  sacrificing  the  first.  It  is  not  necessary  to 
my  argument  to  claim  that,  if  the  weakest  part  of  a  rail  is  strong 
enough,  superfluous  metal  in  other  parts  actually  weakens  the  rail ; 
for  it  is  plain  that  for  a  given  v^eight  the  best  distribution  of  metal 
gives  the  greatest  strength  and  durability.  Thus  the  condition  of 
economy  becomes  in  another  view  a  condition  of  safety. 

What  I  claim  to  have  demonstrated  is,  that  by  a  re-design  of  the 
web,  the  best  American  pattern  now  in  use  of  68  pounds  and  upward, 
can  be  stiffened  both  vertically  and  laterally,  some  4  or  5  percent., 
without  an  increase  of  weight.  But  I  do  not  insist  upon  the  precise 
dimensions  herein  ffiven. 

In  the  connection  there  used,  I  can  cordially  indorse  Mr.  Sand- 
berg's  remark,  "Mathematical  formula  are  very  well,  but  let  them 
not  be  used  to  justify  light  weight."  Our  railway  managers  as  a 
class,  and  even  some  of  our  technical  writers,  have  been  slow  to 
admit  the  full  force  of  recent  changes  in  traffic-conditions  in  their 
bearing  upon  the  endurance  of  rails;  and  the  mills  have  at  times 
had  to  suffer  unjustly  in  consequence.  My  object  in  calling  to  aid 
mathematical  demonstration  has  been  to  lift  the  question  out  of  the 
region  of  disputed  assertion.  The  usual  order  in  such  matters  has 
prevailed.  We  had  a  store  of  observed  facts.  These  are  now 
shown  by  analysis  to  be  harmonious  and  reasonable. 
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AMEIilCAN  MINIKG  SCHOOLS. 

BY   PROFESSOR   R.    II.    RIOIIAKDS,    MASSACHUSETTS  INSTITUTE  OF 
TECHNOLOGY,   BOSTON,   MASS. 

(Supplement,  April,  1887,  to  the  Presidential  Address  at  the  Bethlehem  Meeting,  Mny,  18S6.) 

^VH1LE  yet  in  corrospoiKlence  with  the  lieads  of  the  several  min- 
ing schools  lor  the  purpose  of  bringing  the  details  of  my  Address 
into  the  best  form  for  publication,  a  severe  illness  overtook  me,  and 
before  I  had  recovered  sufficiently  to  turn  my  attention  to  matters 
of  this  character  the  Address  had  been  printed  in  its  imperfect  form 
for  volume  xv,  of  our  Transactions,  and  the  type  had  been  distrib- 
uted. The  incorporation  of  the  later  corrections,  in  the  form  of  a 
Supplement,  became  a  necessity.  To  simplify  the  corrections  as  much 
as  possible  to  the  reader,  every  paragraph  which  has  been  revised  in 
any  way  is  here  reprinted  in  full. 


k 
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American  Schools. 
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1867 

18 
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E.  M. 
E.  Met. 

Is. 

Ph.  D. 

'  Lafavette  College 

1870? 

4 

E.  M. 

2s. 

Ph.D. 

Lehigh  University 

1870 
1868 

16 
17 

4 
4 

B.  S. 
B.  S. 

Is. 

1  or  more  s. 

2  or  more  s. 

E.  M. 

M.  S. 
D.  S. 

Mass.  Inst,  of  Technology.. 

University  of  California 

16 

4 

B.  S. 

f  1  s.  and  2 
J  p.  or  2  8. 
(  and  1  p. 

f  E.  M. 
\  E.  Met. 

"  Illinois 

1879 

15 

4 

B.  S. 

1  s.  or  3  p. 

KM. 

"  Michigan 

1878* 

16 

4 

B.  S. 

1  s.  and  1  p. 

E.  M. 

"          "  Pennsylvania 

1874 

5 

B.S. 

? 

E.  M. 

"          "  Wisconsin.... 

187G? 

15 

4 

f  B.Met.E. 
\  B.  M".  E. 

1  8.  and  p. 

f  Met.  E. 
\  M.  E. 

Washington  University 

1872 

16 
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B.  E. 

Is. 

E.  M. 
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Foreign  Schools. 


Name  of  Institution. 

Age  of 
admission 

Length 
of  course 
for  degree 

Years. 

Title  of  degree. 

19? 
19? 

19? 
18 
19? 

18? 

19? 

3  or  4 


3  or  4 

3 
3  or  4 

5 

1  or  2 

3  or  4 

3 

f  Berg-Ingenieur. 
1  Hiitten-Ingenieur. 

f  Berg-Ingenieur. 

<  Hiitten-Ingenieur. 

(  Berg-Hiitten-Ing'r. 
(  Berg-Ingenienr. 

<  Hiitten-Ingenieur. 
(  Eisenhiitten-Ing'r. 
f  Berg-Ingenieur, 

<  Hiitten-Ingenieur. 
i  Berg-Hiitten-Ing'r. 
f  Ingenieur  honoraire 
J      des  mines. 

Ingenieur  civil  des 
mines. 
f  Berg-Ingenieur. 

<  Hiitten-Ingenieur. 
(  Berg-Hiitten-Ing'r. 

Berlin,  K.  Bergakademie 

Clausthal,  K.  Bergakademie 

Freibero",  K.  Bergakademie 

Leoben   K.  K.  Bergakademie 

Tjieffe  

Przibram,  K.  K.  Bergakademie 

Stockholm,  K.  Tekniska  Hogskolan... 
London,  Royal  School  of  Mines 

Associate    of    Royal 
School  of  Mines  in 
Mining  or  in  Met- 
allurgy. 

Page  323. 


University  of  Illinois  has  a  college  of  engineering,  with  four 
schools,  one  of  which  is  a  school  of  mining  engineering,  which  was 
reorganized  in  1885,  and  is  not  fully  equipped.  There  is  a  professor 
of  mining;  a  mining  laboratory  is  contemplated.  Age  at  entering, 
fifteen  years  :  i.  e.,  students  may  enter  at  fifteen,  but  are  advised  not  to 
do  so  until  eighteen  years  of  age.  The  course  is  four  years,  with 
the  degree  of  B.S.  One  year's  post-graduate  study  entitles  to  the 
degree  of  E.M. 

University  of  Michigan  has  a  professor  of  mineralogy,  economic 
geology  and  mining  engineering,  and  a  professor  of  metallurgy. 
Students  enter  at  sixteen.  Length  of  course  not  specified,  but  covers 
in  fact  four  years.  The  degree  of  B.S.  is  given  when  the  requisite 
number  of  "courses"  have  been  satisfactorily  finished.  A  degree 
in  mining  engineering  is  given  after  post-graduate  course.     In  this 
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university  many  students  who  are  candidates  for  degrees  in  arts, 
philosopliy,  science,  or  letters,  pursue  mining  and  metallurgical 
subjects. 

Page  324. 

University  of  Pennsylvania  includes  the  Towne  Scientific  School, 
with  five  courses,  one  of  which  is  in  metallurgy  and  mining.  It 
has  a  professor  emeritus  of  geology  and  mining,  a  professor  of  met- 
allurgy and  mineralogy,  and  a  lecturer  on  geology  and  mining.  A 
mining  laboratory  is  contemplated.  There  is  a  summer  school  in 
mine  surveying;  there  are  also  geological  excursions.  Entering  age 
dei>ends  on  proper  preparation  only.  The  course  is  five  years :  two 
years  preparatory,  three  years  technical  work.  The  degrees  are 
ks.  and  E.M. 

Universift/  of  Wisconsin  gives  a  course  in  mining  engineering,  also 
one  in  metallurgical  engineering.  Has  a  professor  of  metallurgy. 
There  are  excursions  to  metallurgical  works.  Entering  age,  sixteen. 
The  course  is  four  years.  Degrees  B.Met.E.  and  B.M.E.  Second 
degrees  given  on  examination  only,  and  after  at  least  one  year  of 
study  and  practice,  Met.E.  and  M.E. 


Page  326. 

Mason  Science  College,  Birmingham,  prepares  for  examinations  for 
degrees  from  London  University.  Has  professors  of  chemistry  and 
metallurgy,  geology,  engineering  and  mining.  Gives  courses  in 
metallurgy  and  applied  geology,  with  summer  field-work  and  excur- 
sions. Gives  courses  in  mining  for  the  title  of  Mining  Associate, 
and  a  certificate  of  competency  for  colliery  managers  and  proprie- 
tors; also  evening  lectures  to  working  miners. 

Owens  College  {Victoria  University),  Manchester,  has,  in  addition 
to  professors  of  mathematics  (pure  and  applied),  physics  and  chem- 
istry, a  professor  of  engineering,  a  professor  of  geology,  a  lecturer  in 
metallurgy,  and  a  lecturer  in  mineralogy.  New  and  well-furnished 
laboratories  have  just  been  completed  for  geology  and  mineralogy  ; 
a  large  engineering  laboratory  is  in  course  of  construction,  and  a 
small  laboratory  is  provided  for  the  lecturer  in  metallurgy.  The 
college  gives  a  certificate  in  engineering  on  the  completion  of  a  three- 
years' course ;  and  a  certificate  in  "applied  geology  and  subjects 
preparatory  to  mining"  after  a  two-years'  course,  which  "is  not 
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intended  to  supersede  the  practical  training  which  is  to  be  obtained 
in  the  office  of  the  mining  engineer  or  in  the  mines."  This  course 
comprises  instruction  in  chemistry  and  physics,  as  well  as  in  engi- 
neering, geology,  and  mineralogy,  and  includes  field-work  and  visits 
to  mines.  The  Victoria  University  gives  its  degree  of  B.Sc.  in  the 
several  groups  (among  others)  of  engineering,  experimental  sciences, 
and  geology. 

Page  327. 

Saxony — Freiberg,  J^ergaJcademie. — Entrance  for  regular  students 
requires  graduation  from  a  real  school  of  first  rank,  or  from  a  gym- 
nasium. Special  students  must  be  eighteen  years  old  or  more;  must 
be  able  to  understand  German ;  to  translate  English,  French,  or 
Latin  into  German ;  must  be  prepared  in  algebra  through  second 
degree  equations,  logarithms,  plane  trigonometry,  descriptive  geom- 
etry up  to  stereometry  (solid  geometry),  elementary  physics  or  chem- 
istry, geography,  history,  free-hand  and  geometric  drawing.  The 
number  of  Americans  graduating  from  the  school  since  1872  is 
thirteen ;  the  number  who  attended,  but  did  not  graduate,  two 
hundred  and  forty-nine;  number  of  Americans  now  in  the  school, 
fourteen. 

The  school  has  a  special  department  for  the  metallurgy  of  iron 
distinct  from  the  department  of  general  metallurgy. 


Page  329. 

Sweden — Stockholm,  Bergssholan. — This  mining  school  was  es- 
tablished in  1821  in  Falun.  In  18G9  it  was  removed  to  Stockholm, 
and  incorporated  with  Kongl.  Tekniska  Hoyskolan.  Two  or  three 
years  are  given  to  preparatory  studies,  and  one  year  to  strictly  tech- 
nical studies,  or  to  the  application  of  metallurgy  or  mining.  The 
school  for  the  last  year  offers  eight  courses  in  mining,  metallurgy, 
and  assaying.  In  the  first  year  the  studies  are  common  to  all  the 
pupils  of  K.  Tekniska  Hogskolan,  which  embraces  five  branches  or 
departments,  viz.,  for  mechanical  engineers,  cliemists,  civil  engineers, 
architects,  and  metallurgical  or  mining  engineers. 

In  the  metallurgy  of  iron  and  in  mining  an  excellent  summer 
course  is  given.  Professor  Richard  Akerman  writes  me:  "The  2d 
of  May  I  take  the  students  of  the  third  and  fourth  years  of  the 
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course  to  an  iron-works,  wliere  we  remain  for  six  weeks,  during 
which  they  manage  tor  themselves  a  small  blast-fnrnaoe  oC  their 
own,  and  work  in  charcoal  hearths,  etc.  After  that  we  visit  some 
other  iron-works,  and  then  begins  the  ]>raotieal  training  in  mining 
at  the  mine,  where  the  professor  of  mining  takes  care  of  the  students 
for  about  three  weeks,  whereupon  the  professors  of  mining  and  met- 
allurgv,  for  about  a  fortnight,  travel  with  the  pupils  to  different 
mines  and  works.  Of  what  they  have  seen  during  these  travels, 
the  students  have  to  elaborate  descriptions  till  the  beginning  of 
October,  during  which  month  thoy  are  examined." 


Page  330. 

Lafayette  College. — Students  in  the  junior  year  are  required  to 
spend  several  days  at  the  mines  in  mine-surveying,  and  to  write  a 
memoir  upon  observed  mining  operations;  and  in  the  senior  year 
one  or  more  memoirs  are  required  on  metallurgical  processes  as  a 
result  of  investigations  at  the  works. 


Page  331. 

Unkernly  of  Illinois. — Mining  department  reorganized  during  the 
present  year.  Mining  laboratory  contemplated.  Frequent  excur- 
sions and  theses  requiring  studies  at  the  mines. 


Pages  332,  333,  334,  335,  336  and  337 
are  corrected,  as  shown  in  the  following  revised  tables  : 
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AMERICAN    MINING   SCHOOLS. 


Table  showing  Requirements  for  Admission  at  Ten  American  Schools. 


Subjects. 


Rhetoric 

English  Grammar 

English  Literature 

English  History 

American  History 

General  History 

Geography 

Physical  Geography 

Elementary  German 

Elementary  French 

Composition 

Latin 

Arithmetic 

Metric  System 

Algebra,  through  Quad's... 

Plane  Geometry 

Plane  and  Solid  Geometry. 
Elementary  Trigonometry.. 

Elementary  Physics 

Elementary  Chemistry 

Elementary  Mineralogy.... 

Elementary  Geology 

Elementary  Zoology 

Elementary  Physiology 

Elementary  Botany 

Drawing  (Free-hand) 


0^ 


+ 


OS'S 


+ 


+ 


+ 


at 

S  o 


+ 


OJ  o 

>  o 


+ 


^5 


+ 


+ 


+  Required. 

0  One  of  these  obligatory. 

—  One  of  these  obligatory. 

/  Two  of  these  obligatory. 

=  Advanced  German  and  French  required. 


Page  337. 
Law  Schools. 


Course. 


Catalogue. 


Students  had  College 
Diploma. 


Yale  Law  School 

Yale  Law  School 

Harvard  Law  School , 

Washington  University., 

Michigan  University 

University  California., 


2  years 

3  " 
3  " 
2      " 

2  " 

3  " 


1878-9 
1885-6 
1885-6 
1885-6 
1885-6 
1886 


Columbia  University,  average  for  10  years  '76  to  '86 


48.3  per  cent. 

39 

70 

57 

15 

11 

65 
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Medical  Schools. 


1 

Course. 

Catalogue. 

Students  had  College 
Diploma. 

Yale 

2  vears 

187S-9 

1885-6 

1885-6 

1885-6 

1886 

1886 

27.6  per  cent. 

42 

55 

11          " 

12.2      " 

33         " 

1  Yale 

Harvanl 

i   Mioliisran  Uiiiversitv 

3"    " 
3      " 
3      " 

I  " 

University  of  Pennsvlvauia 

The  earlier  requests  for  information  which  were  sent  by  me  to  the 
various  mining  schools  were,  of  necessity,  tentative,  and,  in  conse- 
quence, the  tabular  -statements  went  through  a  species  of  develop- 
ment as  the  answers  to  these  requests  came  in.  I  desire  especially 
to  thank  the  heads  of  the  different  mining  schools  for  the  unwearied 
patience  they  have  shown  in  correcting  proof  and  answering  my 
many  questions ;  and  for  their  kindly  sympathy  and  friendly  interest, 
as  well  as  for  valuable  suggestions  in  regard  to  the  paper. 


XOTE  ON  THE  FOBMATIOX  OF  COAL  FBOM  MINE-TIMBEB. 


BY   E.   S.   MOFFAT,   SCRANTON,   PA. 


(Scranton  Meeting,  Februarj',  1887.) 


Members  of  the  Institute  who  have  visited  the  works  of  the 
Lackawanna  Iron  and  Coal  Company  at  Scranton,  will  remember 
the  exposure  of  a  large  vein  of  anthracite  coal  in  the  rocky  bank  on 
the  south  side  of  Roaring  Brook,  near  the  blast-furnace.  The  vein 
is  quite  flat,  and  is  exposed  to  view  for  several  hundred  yards  along 
the  banks  of  the  brook,  a  few  feet  above  the  surface  of  the  water. 
It  is  .some  ten  feet  in  thickness,  and  is  known  as  the  Big  Vein.  At 
a  |K)int  just  opposite  the  blast-furnace,  much  of  the  coal  from  this 
vein  was  mined  out  many  years  since,  the  usual  pillars  being  left 
to  support  the  overlying  rock  and  drift,  which  are  here  some  twenty- 
five  to  thirty  feet  in  thickness. 

Over  thirty  years  ago  fire  was  communicated  from  an  ore-roasting 
pile  on  the  surface  of  the  ground  at  this  point,  through  an  old  shaft, 
down  to  the  refuse  and  pillars  which  had  been  left  in  the  mine 
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below.  Ineffectual  attempts  were  made  at  that  time  to  extinguish 
the  fire,  and  it  was  finally  decided  to  seal  the  mine  up  and  smother 
the  fire  by  the  exclusion  of  air.  All  the  openings  were  walled  up 
tightly,  and  the  mine  was  left  undisturbed  until  a  couple  of  years 
ago,  when  it  was  thought  best  to  open  it  again  and  examine  its  con- 
dition. It  was  found  to  be  still  smouldering,  and  the  fire  burned 
up  briskly  as  soon  as  air  was  freely  admitted.  Systematic  measures 
were  then  taken  to  extinguish  the  fire  by  deluging  it  with  water, 
and  by  working  around  it  and  cutting  off  any  further  progress. 

In  working  through  one  of  the  piles  of  mine-refuse,  which  filled 
the  vein  from  floor  to  roof  in  some  places,  the  miners  came  upon  a 
wooden  mine-prop  which  had  become  curiously  altered.  The  lower 
part  of  the  prop  was  well-preserved  wood,  showing  little  evidence 
of  heat.  Halfway  up  it  was  somewhat  charred  externally;  above 
this,  for  some  distance,  it  consisted  of  extremely  soft  charcoal,  which 
crumbled  at  the  touch.  It  then  shaded  into  hard  charcoal,  and  at 
the  top,  where  it  showed  evidence  of  great  compression,  it  was 
changed  into  a  material  resembling  mineral  coal  in  appearance.  The 
change  was  even  more  marked  in  the  wooden  wedge  which  was  on 
top  of  the  prop.  In  this  the  fibrous  structure  was  still  quite  appa- 
rent, but  the  cross-fracture  was  sharp  and  conchoidal  like  that  of 
anthracite  coal,  the  color  jet  black,  and  the  luster  very  bright  and 
glassy.  Its  specific  gravity  was  1.38,  and  its  hardness  the  satne  as 
that  of  anthracite.  It  burned  with  a  feeble  flame,  and  it  was  thought 
that  it  might  be  anthracite.  Analysis,  however,  proved  that  such 
was  not  the  case.  An  analysis  of  pieces  of  the  prop  and  wedge, 
made  by  Mr.  A.  H.  Sherrerd,  shows  as  follows  : 

Moisture  at  100°  C, 5.65 

Volatile  matter, 43.05 

Fixed  carbon, 51.00 

Ash, 0.30 

100  00 

An  analysis  of  other  fragments  of  the  same  material,  made  by 
Messrs.  Booth,  Garrett,  and  Blair,  gave  the  following  results : 

Water  at  212°  F., 6.793 

Volatile  matter, 41.547 

Fixed  carbon, 51.400 

Ash, 0.-2G0 

lOO.UOO 


I 
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This  prop  was  imbeiKleil  in  a, mass  of  luine-refnse,  slate,  culm, 
etc.,  and  the  weight  of  the  roof  had  crushed  down  the  prop  until 
the  RKif-nHik  rested  upon  the  pile  of  refuse.  At  this  point  in  the 
mine  the  fire  did  not  get  into  the  lower  part  of  the  "gob,"  but 
burnetl  a  little  near  tlip  top.  The  conditions,  then,  w^hich  produced 
this  alteration  iu  the  upper  part  of  this  prop  were:  very    heavy 


^^ 


ROOF  ROCK 


FLOOR 


Progressive  Formation  of  Coal  from  Mine-Timber.  A,  well-preserved  wood  ;  B,  partly  charred ; 
C,  soft  charcoal;  D,  hard  charcoal;  E,  much  compressed  and  altered  to  coal-like  substance;  F, 
wedge. 


pressure  from  the  superincumbent  mass  of  rock,  and  a  smouldering 
heat,  with  exclusion  of  air  for  a  ])eriod  of  over  thirty  years. 

The  accompanying  illustration  shows  the  conditions  referred  to. 

After  exhibiting  specimens  of  this  coal  at  the  Scranton  Meeting, 
I  handed  them  to  Professor  Egleston,  who  has  had  them  microscopi- 
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cally  examined  by  Mr.  N.  L.  Britton,  of  Columbia  College  School 
of  Mines.  The  following  letter  from  Mr.  Britton  states  the  results 
of  this  examination  : 

Columbia  College,  Nevv  York,  May  5th,  1887. 
Professor  Thomas  Egleston. 

My  Dear  Sir  :  I  have  examined  with  much  interest  the  specimens  of  the  car- 
bonized mine-timber  from  Scranton,  submitted  by  you.  The  prosewc/ii/ma  cells  are 
still  readily  seen  in  tiiese  sections  of  the  wood,  and  the  alteration  of  the  timber  ap- 
pears to  be  simple  carbonization  of  their  walls.  At  the  point  where  the  timber  was 
most  crushed,  the  walls  are  broken  across  at  many  points  and  not  perceptibly  bent. 
Considering  the  intense  change  which  the  wood  has  undergone,  it  is  remarkable  that 
the  tissue  should  be  so  well  preserved.  I  thank  you  for  giving  me  the  opportunity 
to  fixamine  the  material. 

Very  respectfully  yours, 

N,  L.  Britton. 


A  WATEB-COOLED  GAS-PBODUCEB. 

BY   W.    J.    TAYLOR,    CHESTER,    N.    J. 

(Scranton  Meeting,  February,  1887.) 

Every  one  having  practical  experience  in  making  heating-gas 
knows  how  much  room  there  is  for  improvement,  in  order  to  avoid 
not  only  the  production  of  poor  gas,  when  good  gas  is  most  wanted, 
but  also  the  waste  due  to  burning  gas  on  top  of  the  fuel-bed,  and 
the  loss  of  both  time  and  fuel  in  cleaning.* 

The  producer  which  I  have  recently  designed,  and  with  which  I 
am  now  experimenting  with  every  prospect  of  success,  at  the  ore- 
roasting  kilns  at  Chester  furnace,  is  intended  to  remove  these  diffi- 
culties as  far  as  possible,  and  at  the  same  time  to  be  continuous  in 
operation.  I  have  not  had  it  at  work  long  enough  to  get  beyond 
the  stage  of  experiment ;  hence,  I  will  only  at  this  time  explain  it  in 
a  general  way,  and  illustrate  it  with  a  drawing,  promising  a  more 
elaborate  paper  if  it  becomes  the  practical  success  I  anticipate. 

The  features  of  the  producer  are  : 

1st.  The  round  dome-shaped  revolving  bottom;  and 

2d.  Metallic  water-cooled  walls  in  place  of  the  usual  brick  lining. 

As  shown  in  the  drawing,  the  bottom  has  a  sleeve,  which  fits 
over  the  air-admission  pipe,  coming  up  through  the  center  of  the 

*  See  Mr.  Holley's  paper  on  "  The  Tessi^  Gas-Producer,"  T)-ansactions,  vii.,  27. 


^\'ater-Cooled  Gas-Prod ucer. 
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ash-pit,  and  is  revolved  on  it  by  a  crank  and  pinion,  when  ash  and 
clinker  are  to  be  ground  down.  Suitable  cogs  are  provided  on  the 
outer-under  side  of  the  flat  part  of  the  bottom  for  the  cogs  of  the 
pinion  to  work  in.  As  further  shown,  the  lower  part  of  the  struc- 
ture, or  the  ash-pit,  is  enlarged  to  receive  the  bottom,  which  must 
be  so  proportioned  in  diameter  to  the  bottom  of  the  combustion- 
chamber  or  producer  proper,  and  placed  at  such  a  distance  there- 
from, that  the  ash  and  clinker  descending  from  the  producer  will 
be  maintained  on  the  peripheral  flat  part  of  the  bottom  at  all  times 
when  it  is  not  in  motion,  but  will  discharge  freely  and  easily  over 
the  periphery  and  into  the  ash-pit  when  the  bottom  is  revolved  by 
the  operator. 

Air  and  steam  for  combustion  are  forced  through  the  central 
bottom  air-pipe,  by  a  steam-blower,  and  so  radially  through  the  side 
openings  in  the  dome  into  the  combustion-chamber.  No  air  is 
admitted  into  the  ash-pit  (which  is,  in  consequence,  under  a  back 
pressure)  to  pass  up  along  the  walls  of  the  producer — which  is  objec- 
tionable.    Combustion  takes  place  radially  from  the  center. 

It  will  also  be  noticed  that  the  "  bosh  "  shape  is  abandoned.  I 
have  found  in  practice  that  any  contraction  at  the  bottom  interferes 
with  the  steady  and  uniform  settling  of  the  stock,  both  coal  and 
ash.  The  bottom  of  the  combustion-chamber  should  be,  if  any- 
thing, the  largest  part.  I  find  in  practice  that  in  this  shape,  when 
the  bottom  is  revolved,  the  descent  or  settling  is  perfect,  the  whole 
mass  resting  on  the  bottom,  and  no  bridging  or  hanging  occurs. 

Metallic  water-cooled  walls  have  long  been  considered  by  many, 
the  writer  included,  an  experiment  worth  trying;  as  they  would 
permit  no  clinkering,  and,  consequently,  no  irregular  travel  of  the 
fuel,  with  the  tendency  to  make  holes,  admitting  air  to  the  gas 
above.  As  the  heat  of  gasification  is  usually  thrown  away,  it  does 
not  matter  whether  it  is  lost  in  water-cooled  walls  or  in  cooling- 
tubes.  But  the  actual  advantage  of  such  walls  can  be  demonstrated 
by  practice  only. 

This  design  is  also  a  step  in  the  direction  of  a  producer  and  boiler 
combined.  The  hot  water  made  may  also  be  utilized  for  feeding 
boilers. 

As  far  as  my  experiments  have  gone,  I  find  we  can  keep  the  COj 
as  low  in  this  producer  as  in  the  brick-lined  ones. 

The  hollow  stay-bolts  through  the  water- walls  are  for  sight-holes, 
to  observe  the  dividing  line  between  the  ash  and  fuel,  which  line 
we  keep  well  above  the  bottom  at  all  times. 
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Sii  far,  we  have  usoil  buckwheat  (anthracite)  coal  only.  A\''heu 
the  practice  on  this  ^hail  have  been  develoi)eil  1  will  try  anthracite 
culm  and  bituminous  coal. 

The  general  construction  is  simple  and  cheap.  The  bottom  casing 
is  about  2  leet  larger  in  diameter  than  the  inside  of  the  bottom  of 
the  protiucer-chamber,  and  as  high  as  found  necessary  for  the  ash- 
pit ;  a  Ci\st-iron  plate  is  placed  on  top  of  tliis,  with  a  central  opening, 
just  the  inside  diameter  of  the  producer-chamber;  on  this  is  set  the 
cylinder  for  the  combustion  chamber,  made  of  two  casings,  with 
an  annular  space  between  them  of,  say,  2  inches  width  for  water, 
oj>eu  at  the  top  and  water-tight  at  the  bottom.  A  cast-iron  top  is 
then  put  on,  flanged  to  hold,  say,  1  inch  depth  of  water  all  over  it 
(except,  of  course,  at  the  openings  for  bell,  sight-holes,  and  gas-escape 
flues). 

The  only  change  necessary  to  use  brick  walls  would  be  a  single, 
instead  of  a  double  casing,  with  a  brick  lining. 

By  revolving  the  bottom  at  stated  times,  all  the  ash  and  clinker 
are  ground  down  into  the  ash-pit  as  fast  as  formed,  without  inter- 
fering in  the  least  with  the  regular  working  of  the  producer,  or  the 
quality  of  the  gas.  One  or  two  minutes'  stop  in  twenty-four  hours 
is  sufficient  to  haul  the  ash  out  of  the  ash-pit ;  hence,  the  producer 
is  nearly  continuous.  It  might  be  made  perfectly  so  by  water- 
sealing  the  bottom  of  the  ash-pit,  so  as  to  rabble  out  the  ash  through 
the  water  as  fast  as  it  is  made. 


Discussion. 

W.  F.  Mattes,  Scranton,  Pa. :  When  Mr.  Taylor's  paper  was 
announced,  I  saw  at  once  that  he  would  touch  one  of  the  nerve- 
centers  of  our  city.  The  mountains  of  anthracite  culm  heaped  up 
about  us,  and  their  daily  accumulations,  already  furnish  a  very  cheap 
and  satisfactory  fuel  for  the  generation  of  steam.  That  j)art  of  the 
problem  has  been  solved,  as  many  members  of  the  Institute  can 
testify  who  inspected  the  several  batteries  of  culm-fired  boilers  at 
the  Lackawanna  works,  where  about  6000  tons  per  month  are 
burned  in  this  way.  The  advantages  which  Scranton  offers  in  this 
and  other  respects,  have  attracted  attention,  and  brought  in  many 
small  manufactures ;  but  we  urgently  need  to  go  a  step  further  and 
arrive  at  a  satisfactory  process  ibr  converting  this  enormous  waste 
of  carbon  into  gas  for  heating  and  metallurgical  purposes. 
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Recalling  several  conversations  with  Mi*.  Laureau,  in  reference  to 
some  valuable  experiences  which  his  firm  have  had,  in  connection 
with  a  culm-burning  gas-producer  at  the  Catasauqua  rolling  mill,  I 
at  once  wrote  to  him,  urging  him  to  be  present  to-day.  This,  in 
reply,  he  undertook  to  do,  but  has  evidently  been  detained.  One 
paragraph  of  his  letter,  however,  which  goes  to  the  root  of  the  whole 
difficulty,  I  will  quote.  "I  have  come  to  the  conclusion  that  a 
culm-burning  producer  can  be  built  which  will  work,  but  the  plant 
must  be  arranged  so  that  one  or  two  producers  can  be  cleaned 
through  and  through  while  the  others  work.  It  is  useless  to  try  to 
clean  such  a  producer  in  part,  as  ashes  are  formed  from  top  to  bottom 
almost  simultaneously." 

The  bearing  of  this  testimony  upon  the  probable  value  of  a  re- 
volving, or  any  other  form  of  grate  is  evident.  Unless  the  zone  of 
active  combustion  can  be  kept  within  certain  limits,  no  producer  can 
be  operated  continuously.  It  is  possible  that  this  trouble  is  chiefly 
due  to  an  irregularity  in  settling,  which  Mr.  Taylor's  cooled  iron 
shell  and  more  perfect  apparatus  may  correct;  but  there  is  another 
view  that  seems  to  me  more  probable. 

We  know  that  anthracite  resists  oxidation  more  stubbornly  than 
bituminous  coal,  and  that  to  transform  it  into  carbonic  oxide  requires, 
within  the  same  space,  a  higher  temperature.  To  obtain  a  higher 
temperature  we  must  have  a  more  rapid  combustion,  and  this  is 
precisely  what  the  producers  hitherto  constructed  will  not  provide. 
The  fine  and  irregular  granulation  of  the  fuel  renders  it  more  or 
less  impervious  to  the  blast,  the  latter  is  cold  and  charged  with 
moisture  by  the  steam-jet,  and  the  carbon  itself  is  obstinate.  All 
these  are  conditions  that  favor  the  generation  of  carbonic  acid — -just 
what  we  want  under  boilers,  and  just  what  we  do  not  want  in  a  pro- 
ducer. The  zone  of  highest  temperature  is  pushed  well  up  into  the 
charge,  and  the  final  carburization  of  the  gases  must  simultaneously 
proceed  at  a  still  higher  level. 

Theoretically,  this  action  should  be  corrected  by  a  heated  blast, 
but  such  an  application  involves  very  serious  complications. 

I  have  frequently  been  questioned  by  members  of  the  Institute 
for  information  as  to  the  relative  evaporating  qualities  of  culm  and 
large  coal  under  boilers,  and  take  tliis  opportunity  to  reply. 

At  the  Lackawanna  works  we  have  conducted  but  one  expert  test, 
of  a  single  boiler,  one  day  each  on  culm  and  chestnut.  The  condi- 
tions were  carefully  preserved,  and  the  evaporation  was  about  7  per 
cent,  in  favor  of  the  chestnut.     Yet,  as  nearly  as  we  can  get  at  an 
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average  of  the  results  obtained  at  the  work?,  we  have  replaced  coal 
with  culm,  ton  tor  ton.  I  would  not  be  understood  that  this  can 
always,  or  generally  be  done,  but  that  it  happened  under  our  condi- 
tions. The  explanation  is  that  the  habit  of  the  firemen,  when  using 
coal,  was  to  fire  too  heavily  at  once;  and  the  locomotive  form  of 
boiler  used  did  not  provide  for  a  complete  combustion  of  the  gases 
within  the  fire-box,  as  was  frequently  evidenced  at  night  by  a  blue 
flame  at  the  chimney  top.  AVhen  firing  with  culm,  the  necessities 
of  the  case  impose  a  Irequent  and  light  firing  ;  the  gases  are  properly 
consumed,  and  the  only  waste  of  consequence  is  the  carbon  of  the  ash. 

Mr.  Taylor  (Communication  to  the  Secretary):  Since  the  fore- 
going paper  was  written  I  am  enabled  to  give  the  particulars  of  a 
continuous  run  of  the  producer  for  fourteen  consecutive  days  in 
April,  1887,  on  buckwheat  coal. 

Tiie  inside  diameter,  32  inches,  is  very  small,  and  the  consump- 
tion of  coal  for  the  entire  run  averaged  2900  pounds  per  twenty-four 
hours,  but  the  consumption  was  increasing  as  practice  became  more 
skilful,  and  I  think  1|  gross  tons  (3360  pounds)  would  be  a  fair 
estimate  of  the  capacity  of  the  producer.  On  this  basis  I  estimate 
that  a  4-foot  producer  would  have  a  capacity  little,  if  any,  under  4 
gross  tons  daily. 

The  ash  averaged  only  5.61  per  cent,  of  carbon,  or  matter  capable 
of  combustion  or  volatilization  in  the  laboratory. 

Samples  of  the  gas  were  taken  almost  daily,  and  the  CO  and  COg 
were  determined  with  the  following  results  : 

Date.  CO.  CO2. 

Day  of  month  (April).  Per  cent.  Per  cent. 

16 22.05  7.76 

17, 22.14  7.67 

19, 21.09  7.09 

20, 20.51  920 

21, 22.22  6.90 

2-%        ■ 23.28  7.09 

27, 23.96  5.94 

28, 21.86  5.75 

30 20.90  5.36 

Average, 22.00  6.96 

When  this  is  compared  with  the  gases  made  in  the  Philips  pro- 
ducers at  the  Midvale  steel  works  from  anthracite  (see  Mr.  Troilius's 
paper  on  Gas  Analy.ses,  Transactions,  xi.,  300),  it  must  be  acknowl- 
edged  that  our  results  are   very  favorable,   particularly  as  these 
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analyses  represent  the  average,  whereas  in  the  intermittent  producers, 
i.  e.,  producers  that  have  to  be  stopped  or  nearly  stopped,  dally  or 
oftener,  to  be  cleaned  and  manipulated,  the  gas  is  always  poor  before 
and  after  cleaning.  It  may  be  said  that  9  to  10  per  cent.  COj  in 
anthracite  producer-gas,  as  heretofore  made,  is  probably  under  the 
average,  while  in  my  case  the  proportion  is  less  than  7  per  cent. 

The  grinding  down  of  the  ash  and  clinker,  say  every  two  hours, 
is  perfect  in  its  operation,  and  does  not  interfere  with  uniform  work- 
ing in  the  least,  except  that  it  makes  a  little  dust. 

I  find  also  that  the  ash-pit  can  be  opened,  and  the  ash  and  clinker 
can  be  scraped  out,  with  the  blast  on,  without  lessening  the  flow  of 
gas  to  any  appreciable  extent.  This  operation  lasts  a  few  moments 
only. 

Another  important  feature  of  this  producer  is  that,  while  it  is 
continuous  in  working,  it  can  be  stopped  and  started  at  will  in  the 
most  convenient  manner. 

I  shall  now  extend  my  experiments  to  the  use  of  soft  coal  and 
culm,  and  to  a  brick  lining. 

J.  H.  Harden,  Phoenixville,  Pa. :  The  Phoenix  Iron  Company 
has  had  in  operation  for  a  number  of  years  twenty-four  Siemens 
producers,  managed  in  the  usual  way  with  a  fan -blast.  Latterly 
the  steam-jet,  which  the  managers  think  preferable,  has  been  sub- 
stituted for  the  fan-blast. 

Some  five  years  ago  the  company  commenced  putting  up  Wilson 
producers  until  it  had  sixteen  in  operation.  These  producers  gen- 
erated gas  rapidly,  but  are  both  wasteful  and  perishable.  Some 
improvements  have  been  made  which  are  decidedly  advantageous. 
Water-chilled  door-frames  have  been  substituted  for  the  original 
plain  frame,  and  add  greatly  to  the  durability  of  the  producer. 
Another  important  addition  is  a  cut-off  valve  to  break  connection 
with  the  main  flue  when  cleaning  the  fires. 

The  company  is  now  testing  a  new  producer,  invented  and  pat- 
ented by  H.  B.  Van  Benthuysen,  of  Phoenixville  (U.  S.  Patent 
No.  280,691,  dated  July  3d,  1883,  "Gas-generating  Furnace"). 
One  has  been  in  operation  for  six  months;  and  another,  with  later 
improvements,  some  two  months. 

The  important  features  of  this  producer  are:  an  ash-pit,  an,d  a 
broad  ash-plate  mounted  on  rollers  a  short  distance  below  the  base 
of  the  fire-chamber,  with  mechanism  for  reciprocating  it  laterally. 
By  this  means  the  ashes  and  clinkers  are  discharged  frequently 
through  the  open  space  between  the  upper  surface  of  the  ash-plate 
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and  base  of  the  fire-chanihor,  and  fall  into  the  ash-pit  below.  This 
renders  the  oj>oration  of  the  |)rotlucer  eontinuoiis,  with  tiie  exception 
of  about  fifteen  minutes  once  in  iwenty-four  hours,  when  the  cut-off 
valve  is  eloseii  for  the  purpose  of  removing  the  ashes  from  the  ash- 
pit. It  is  necessary  to  close  the  connection  with  tlie  main  flue  before 
opening  the  ash-pit,  in  order  to  prevent  explosions. 

The  coal  in  this  producer  is  quite  tiioroughly  converted  into 
gas  of  a  gocKl  quality,  as  is  shown  by  the  following  analj'sis  of 
volumes : 

rer  cent. 

Carbonic  acid,      . 1.9 

Oxygen, 1.7 

Carlwnic  oxide,  ..........  24.3 

Hvdrogen 8.3 

Carburetted  liydrogen, 2.2 

Nitrogen, 61.6 

100.00 

The  coal  used  is  anthracite  "buckwheat."  The  following  test 
will  show  the  capacity  of  a  producer  of  the  present  size  : 

Area  of  grate,  12.43  square  feet;  run,  twenty-eight  hours;  coal 
burned,  9900  pounds ;  ashes,  slate,  and  clinkers  removed,  3000 
pounds;  coal  converted  into  ga.s,  6900  pounds;  being  555j'5  pounds 
or  19.8  pounds  per  hour  per  square  foot  of  grate. 

Should  this  producer  prove  a  success,  as  it  promises,  it  will  make 
a  considerable  saving  of  coal  and  labor  over  the  other  producers 
now  in  use. 

The  following  table  of  analyses,  kindly  furnished  by  the  Company, 
will  prove  interesting.  The  Philips  producer  mentioned  in  these 
tables,  is  one  designed  by  Mr.  Ferdinand  Philips,  mechanical  en- 
gineer of  Messrs.  Hoopes  &  Townsend,  of  Philadelphia.  The  so- 
called  "Taylor"  producer,  in  the  table,  is  the  Langdon  producer, 
described  in  Transactions  xii.,  93.  The  error  in  its  title  doubtless 
arose  from  the  fact  that  it  was  built  in  connection  with  the  Taylor 
ore-roasting  kiln. 
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XoTE  BY  THE  SECRETARY. — Of  the  analyses  presented  by  Mr. 
Harden,  in  the  foregoing  table,  Nos.  1  to  48  inelusive  were  made 
by  Mr.  F.  E.  Bachman,  and  the  remainder  by  Mr.  Yondy,  his  suc- 
cessor, as  chemist  of  the  PluxMiix  Iron  Company.  Believing  that 
more  detaikxl  explanations  of  some  of  the  brief  memoranda  of  this 
table  would  greatly  add  to  the  practical  value  of  the  figures  pre- 
sented, I  wrote  to  Mr.  Bachman,  now  manager  of  the  Conewago 
Iron  Company,  Middlotown,  Pa.,  and  received  from  him  a  prompt 
and  full  reply,  the  substance  of  which  I  have  partly  incorporated 
in  the  table  itself,  before  printing,  while  the  remainder  will  be  here 
given. 

The  Langdon  pro<lucer  ("Taylor"  in  the  table)  was,  at  first,  that 
which  is  described  in  7)-ahsac(ions,  xii.,  9"^.  It  was  subsequently 
modified  after  the  designs  of  Mr.  Bachman,  so  as  to  admit  the  air 
in  the  center,  the  boshes  being  flattened  and  the  side  air-ports  or 
tuyeres  closed.  In  the  original  form,  it  was  found  that  fuel  was 
burned  on  the  sides,  leaving  the  coal  in  an  inverted  cone  in  the 
center,  and  making  it  impossible  to  clean  the  fires  without  removing 
a  large  quantity  of  unburned  fuel.  At  the  same  time,  the  air  passed 
through  the  ashes  on  the  sides  and  burned  CO  to  CO2  in  the  pro- 
ducer. This  is  shown  by  the  following  analyses,  which,  with  Nos. 
1,  2,  and  3  of  the  table,  were  made  before  the  change : 

Volume- Analyses  of  Gas  from  Langdon  Producer. 


Xo. 

1. 

2, 

3. 

4. 

5. 

6. 

7. 

8. 

CO,,.        . 

.     25.2 

22.5 

23.4 

22.2 

22.0 

15.2 

22.6 

22.7 

0,     . 

.      9.0 

3.0 

0.3 

1.1 

0.0 

0.0 

0.2 

0.0 

CO,  . 

.      9.8 

6.0 

5.2 

6.7 

8.0 

15.3 

5.6 

5.4 

No. 

9. 

10. 

11. 

12. 

13. 

14. 

CO,, .        . 

.    14.4 

24.4 

25.9 

13.0 

20.8 

8.9 

0,     .        . 

.      0.0 

0.0 

0.3 

0.9 

0.8 

0.4 

CO,  . 

.     14.4 

4.3 

6.3 

17.7 

8.9 

20.2 

It  .should  be  added  that  this  producer  was  never  properly  charged, 
the  bed  of  fuel  always,  even  after  the  change  in  the  construction, 
being  kept  too  thin. 

The  samples  of  "flue-gas  "  in  the  table  were  taken  as  follows: 
Nos.  9,  10,  18,  19,  20,  21,  out  of  the  flue  leading  from  the  regenera- 
tors to  the  chimney  ;  Nos.  38,  40,  42,  44,  46,  48,  and  52,  from  the 
chimney  itself.  Nos.  22  and  26  to  31  inclusive  were  burned  gas, 
taken  from  the  end  of  the  furnace  or  from  the  passages  between  the 
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furnace  and  the  regenerators,  the  samples  being  obtained  by  drilling 
throngh  the  brick-work. 

The  "entering  gas"  of  the  table  is  unburned  gas,  taken  either 
from  the  gas-main  or  after  it  had  passed  throngh  the  regenerator, 
but  before  mixing  with  air,  back  of  the  fire-bridge.  Most  of  the 
analyses  of  "  flue-gas  "  represent  samples  taken  from  furnaces  that 
were  working  poorly,  or  from  those  in  the  construction  of  which 
experimental  changes  were  under  trial.  The  samples  of  flue-gas, 
Nos.  38,  40,  42,  44,  46,  and  48,  were  from  the  stack  of  a  welding- 
furnace  that  did  not  raise  a  welding  heat.  The  gas  passed  through 
the  furnace  and  burned  in  the  stack  or  at  the  top  of  it.  The  cause 
was  afterwards  found  to  be  too  strong  a  draft. 


INDEX. 


[Note. — In  this  Index  authors'  names  are  printed  in  small  capitals,  and  the 
titles  of  papers  in  italics.  Casual  references,  giving  little  or  no  information  about 
the  subject,  are  indicated  by  inclosing  the  page-numbers  in  brackets.  The  distinc- 
tion between  such  references  and  those  not  tiuis  marked  is  not  always  sharply  de- 
fined ;  but  when  a  title  is  followed  by  page-numbers,  both  with  and  without  brackets, 
it  may  l>e  assumetl  that  tlie  latter  indicate  the  places  where  the  greater  amount  of 
information  will  be  found.] 

Aachen,  Germany,  Mining  Schobl,  320, 328,  33-1,  810,  816. 

Accident  at  Nanticoke,  Pa.,  629  [705]. 

Acids,  dilute,  Action  on  certain  varieties  of  fused  sulphide  of  iron,  108. 

Action  of  Dilute  Acids  on  Co-tain  Varieties  of  Fused  Sulphide  of  Iron  (Hart)  [Ixv],. 
108. 

Adams  denitrating  flue,  388. 

Adams,  W.  H.,  An  Improvement  in  Apparatus  for  the  Manufacture  of  Sulphuric  Acid 
[Ixxi],  381 ;  Notes  on  the  Saving  of  Sulphur  and  Ammonia  from  Gas  [Ixxviii], 
663. 

Ainsworth's  plastic  pipe-covering,  624. 

Alabama  :  Copper-ores,  191 ;  Iron-ores,  188  et  seq. 

Alabama  furnace,  Talladega  County,  Alabama,  182. 

Albany  County,  X.  Y.,  natural  gas,  524. 

Alhambra  silver-mine.  Calico,  Cal.  [724]. 

Alice  furnace,  Birmingham  district,  Ala.,  736,  739. 

Allegany  oil-district,  N.  Y.,  519,  523. 

Allegheny  County,  Pa.,  natural  ga.",  517. 

Allen  County,  O.,  natural  gas,  522. 

Amador  County,  Cal.,  gold,  305,  769. 

Amendment  to  rules,  Ixv,  Ixxiii,  Ixxxv. 

American  Belie  silver-mine.  Red  Mountain  district,  Col.,  261. 

American  blast-furnaces,  Distribution  and  proportions  of,  690. 

American  Mining  Schools  (Richard.s)  [ixiii],  309,  809. 

Ammonia  and  sulphur  recovered  from  gas,  663. 

Analyses:  Of  anthracite  coal:  China:  Hankow,  113;  Hoonan,113. 

Of  bituminous  coal :  Alabama  :  Cahawba  coal-field  :  Bibb  County,  Blockton,  211 ; 
Coke  vein,  211 :  Helena,  211 ;  Montevallo,  211 ;  Shelby  County,  Black  Shale, 
211;  Cahawba,  211  ;  Conglomerate,  212;  Gholson,  212;  Gould,  212;  Helena, 
211;  Little  Pittsburgh,  212;  Moyle,  211;  Warrior  coal-field:  Jeflferson 
County,  Birmingham,  211  ;  Black  Creek,  211 ;  Coketon,  211 ;  New  Castle,  211 ; 
Village  Creek,  211;  Warrior,  211;  Woodward  Coketon,  211;  Tuscaloosa 
County,  Randolph,  211;  Tuscaloosa,  21 1 ;  Georgia:  Dade  County,  Dade  Coal 
VOL.  XV. — 53 
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Company,   211;  Kentucky:  Pulaski   County,   Barren   Fork,  Flat  Eock,  210; 
Beaver  Creek,  210 ;  Greenwood,  210;  Happy  Hollow,  210  ;  Pennsylvania:  Con- 
nellsville,  212;  Youghiogheny,  212;  Tennessee:  Anderson  County,  Coal  Creek, 
210  ;  Franklin  County,  Sewanee,  210  ;  Hamilton  County,  Melville,  Daisy,  210; 
Soddy,  210;  Marion  County,  Etna,   210;  Stanley,  210;  Victoria,  210;  Mor- 
gan County,  Poplar  Creek,  210  ;  Powell's  Mountain,  118  ;  Rhea  County,  Day- 
ton, 210;  Roan   County,   Rock  wood,   210;  Scott   County,   Glen  Mary,   210; 
Helenwood,  210;    Virginia:  Big  Stone  Gap,  118, 120  ;  Smythe  County,  Glade 
and  Locust  Mountains,  121.     Other  Coxintries:  China:  Ho-peck  Tsung-bo, 
113;  Tsung-ho,  113. 
Of  carbonized  mine-timber;  Pennsylvania:  Scranton,  Roaring  Brook,  820. 
Of  chrysocolla;  Arizona:  Globe  District,  Black  Copper  mines,  67. 
Of  coke :  Alabama :   Birmingham   district,  753  ;  Woodward,   741 ;  Chattanooga 
district,  753;  Coosa  coal-field ;  St.  Clair  County,  Broken  Arrow,  212;  AVarrior 
coal-field,  Pratt  coal-bed,  741 ;  Georgia:  Dade,  745;  Pennsylvania:  Connells- 
ville,  212,  753  ;  Tennessee:  Chattanooga  district,  Daisy,  745;  Etna, 745  ;  Soddy, 
745;  Roan  County,  Rockwood,  210 ;    Virginia:  Big  Gap,  212;  Cripple  Creek 
district,  753;  Pocahontas,  212,  752. 
Of  copper  ores  :  Arizona.:  Bisbee  district,  60:  Clifton  district,  31,  45  ;  Coronado, 
39 ;  Globe  district,  Globe,  64,  65 ;  Tennessee :  Polk  County,  Duck  Creek  ("  Blue 
Billy"  ore),  206. 
Of  dolomite  country  rock,  64i 
Of  fused  sulphide  of  iron,  110. 

Of  gold-ores:  South  Carolina:  Lancaster  County,  Haile,  773,  774. 
Of  iron-ores  ( fossil iferous  hematite),  156 ;  Alabama:  Anniston  (limonites,  182 
Blue  Mountain  (manganese  ores),  207  ;  Baker  Hill,  181  ;  Bibb  County,  Ashby 
(liver-ore),  201;  Briarfield   (pipe-ore),  201;  Green  Pond   (brown-ore),   201 
Starrland,  (brown-ore),  201 ;  Birmingham  district,  753,  757  ;  Alice  (brown-ore) 
739;    Coalburg,  741;    Davisville  (brown-ore),  739;  Eastman  &  Smith,  758 
Irondale  (fossil-ore),  739 ;  Redding  (fossil-ore),  739;  Sloss   (fossil-ore),  739 
Woodward  (fossil-ore),  739  ;  Calhoun  County,  Benton  (brown-ore),  199;  Clear 
dale  (manganese-ore),   199;    Haley's  Cut  (brown  ore),   199,  200;    Hawkins' 
Bank   (manganese-ore),  199 ;  Oxford   (brown-ore),  199 ;  Pine  Grove  (brown 
ore),  199;  Rocky  Hollow  (manganese-ore),   199;  Skinner  Hill  (brown-ore), 
199;    Snow's  (brown-ore),   199;   Spencer's   (brown-ore),   199;    Wood's  Mine 
(brown-ore),  199  ;  Woodstock  (brown-ore),  199  ;  Woodstock  Furnace  (washed 
ore),  200;  Chattanooga  district,  753;  Cherokee  County,  Baker  Hill  (brown- 
ore),  198;  Jacksonville   (brown-ore),   198;  Jacksonville,  Jones  (brown-ore), 
198;  Stonewall  Furnace  (brown-ore),  198;  Tecumseh  (brown-ore),  198,  199; 
Chilton  County   (limonite),  207  ;  Coosa  County,  Rockford   (manganese),  207  ; 
Cullman  County,  Cullman  (clay-iron-stone),  209  ;  Etowah  County,  Attalla  (red 
fossil-ore),  204 ;  Gadsden  Furnace   (red  fossil-ore),   204 ;    Franklin   County, 
Rnssellville  (brown-ore),  208  ;  Jefferson  County  (clay-iron-stone),  209  ;  Alice 
Furnace  (red  fossil-ore),  204 ;  Alice  Furnace  bank  (brown-ore),  201 ;  Cahawba 
Valley,  "Sloss   Co."    (brown-ore),  201;    Eureka    (red  fossil-ore),   189,   204; 
Hochne  (blackband),  209  ;  Jonesboro  (red  fossil-ore),  204  ;  Mcllvaine  (black- 
band),  209 ;  Mines    Gap   (red  fossil-ore),  204;  Mt.    Pinson    (brown-ore),  201  ; 
(red  fossil-ore),   204;    Newcastle  (blackband),  209;  Oxmoor,  Eureka  Mines 
(red  fossil-ore),  205;  Pierce's  Mine  (blackband),  209;  Pierson's  (red   fossil- 
ore),  205;  Potter's   (red   fossil-ore),  205;  Sloss  Mines   (red    fossil-ore),  204; 
Trussville  (red  fossil-ore),  205;  Lauderdale  County,  Bluff  Creek  (brown-ore), 
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208;  Shelby  Countv,  Archer  (hrown-ore),  200  ;  Columbiana  (hematite),  207  ; 
Coosa  coal-fieKl  (Mal•kbalu^^,  20i) ;  Helena  (brown-ore),  200;  Muntevallo 
(brown-ore),  200;  Shelbv  Iron  Works  i  black-lump-ore),  200  ;  St.  Clair  County, 
Pierce's  Mill  (red  fossil-ore\  204  ;  Springville  (brown-ore),  201  (red  tbssil- 
ore\204;  Upper  Cahawba  River  (siderite),  209  ;  Whitney  (red  fossil-ore),  204  ; 
Talladega  Connty,  Alpine  (brown-ore),  200 ;  Childersbnrg  (magnetite),  207  ; 
Irona  (brown-ores),  200;  Seay  Bank  ( brown -ores),  200 ;  Tuscaloosa  County, 
Coflee's  branch  (brown-ore\  201  ;  Gi-een  Pond  (red  fossil-ore),  205;  Tannehill 
(red  fos-sil-ore),  205;  Woodstock  Station  (brown-ore\  201;  Walker  County, 
(day-iron-stone),  209;  Winston  County  ( clay  iron-stone),  209 ;  Georfjla,  758; 
Biirtow  County  (limonite\  179,  ISO;  Cartersville  (brown-ore),  19S  (specular- 
ore\  206 ;  Buford  (brown-ore),  744 ;  Gov.  Brown's  (brown-ore),  198  ;  Stegall 
Station,  C.  M.  Jones  (brown-ore),  198;  Stegall  Station,  Phillips  (manganese- 
ore),  198  ;  A.  P.  Rogers  (brown-ore),  198  ;  Wheeler  (gray  specular),  206  ;  Dade 
Connty,  1S7  ;  Morgansville  (red  fossil-ore),  203 ;  Floyd  County  (limonite), 
179 ;  Cave  Spring  (red-ore),  198 ;  R.  G.  Huston  (brown-ore),  198  ;  Rome 
(brown-ore),  198 ;  Gordon  County,  Snake  Creek  Gap  (limonite),  179,  198 ; 
Polk  County,  Prior's  Station  (manganese  ore),  198 ;  State  line  (brown  ore),  198 ; 
Wimberly  (manganese  ore),  198;  Walker  County,  McCrath  (red  fossil),  203; 
Lo«ikout  Mountain  (red  fossil),  203  ;  North  Carolina  :  Ashe  County  (magnetite), 
206;  Caroline  County,  King's  Mountain  (magnetite),  206;  Mitchell  County, 
Cranberry,  758;  (magnetite),  206;  Roan  Motnitain  (magnetite),  206;  Penn- 
gr/h-ania:  Pottstown,  Warwick,  162,  163;  7'ennessee :  Bledsoe  County,  Sequat- 
chee  Valley  R  R.  (brown  ores),  196 ;  Blount  County,  Force  (brown  ores),  197  ; 
H.  C  Evans  (brown  ore),  197 ;  James  Walter  (brown  ore),  197  ;  Kerr  (brown 
ore),  197  ;  Mary  Carpenter  (brown  ore),  197;  Marysville  (brown  ores),  197; 
Seaton  (brown  ores),  197;  Montgomery  (brown  ores),  197;  Pape  (brown  ores), 
197 ;  R.  Carpenter  (brown  ores),  197 ;  Rockford  (brown  ores),  197  ;  Rorex 
(brown  ores),  197;  S.  Arnold  (brown  ores),  196  ;  Vineyard  (brown  ores),  197  ; 
Widow  Carpenter  (brown  ore),  197  ;  William  Vaughn  (brown  ores),  197  ; 
Wilson  (brown  ores),  197;  Bradley  County,  Charleston  (red  fossil  ores),  203; 
Carter  County,  178;  JoJianna  Williams  (brown  ores),  196;  S.  W.  Williams 
(brown  ores),  196;  Chattanooga  district,  Attalla  (fossil  ore),  744,  757,758; 
Bond  &  Warner  (fossil  ore),  744;  Hill  &  Kendrick  (fossil  ore),  744;  Ooltewah, 
758  ;  Chamberlain,  758>;  Reese  &  Roberts  (fossil  ore),  744 ;  Rising  Fawn, 
757;  Roane  Connty,  Rockwood,  758 ;  Clinch  River,  Stock  Creek  (red  hema- 
tite), 117;  Decatur  County,  Perry ville  (brown  ore),  208;  Dickson  County, 
Gooderich  mines  (brown  ore),  208 ;  Emory  Gap,  186 ;  Glen  Alice,  186 ; 
Green  Connty,  178 ;  P.  Dowell  (brown  ores),  196 ;  S.  L.  Hall  (brown  ores), 
196 ;  Hamblen  County,  Morristown  (brown  ores),  196 ;  Williams'  ore,  196  ; 
Wood's  ore,  196  ;  Hamilton  County,  Lookout  Mountain,  National  Cemetery 
(red  fossil  ore),  203;  Soddy  (red  fossil  ore),  186,  203;  Hickman  County,  Etna 
bank  (brown  ore),  208;  George  bank  (brown  ore),  208;  Jerrybranch  (brown 
ore),  208;  Mill  Creek  bank  (brown  ore),  208;  James  County,  187;  Hinch- 
ChamVjerlain  (red  fossil  ore),  203;  Ooltewah  (fossil  ore),  203  ;  Paint  (red  fossil 
ore),  203;  Taylor's  Ridge  (red  fossil  ore),  203;  Jefferson  County,  Alfred  Cline 
(brown  ores),  196;  Dandridge  (brown  ores),  196;  Howard's  (brown  ores),  196; 
J.  H.  Bunch  (brown  ores),  196;  John  Anderson  (brown  ores),  196;  Knox 
County,  J.  Mowry  (brown  ores),  196;  Lawrence  County,  Lawrenceburg  (brown 
ores),  208;  Loudon  Connty,  Albert  Lenoir  (brown  ores),  196;  Caws  Spring 
(brown  ores),  196;  CofEn   brown  ores),  196;  Loudon  (brown  ores),  178,  196; 
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Philadelphia,  Hoskins  (brown  ores),  196;  Jones  (brown  ores),  196;  Marion 
County,  South  Pittsburgh  (red  fossil  ore),  203  ;  McMinn  County,  A.  Cox  (brown 
ore),  197;  Brown  (brown  ore),  197;  C.  Cote  (brown  ore),  197;  Hills  (brown 
ore),  197  ;•  Eiceville  (brown  ore),  197  ;  E.  J.  Praty  (brown  ore),  197  ;  Thomp- 
son (brown  ore),  197  ;  Meigs  County,  187  ;  Wilson  (brown  ore),  197;  Monroe 
County,  Fowler's  (brown  ore),  197  ;  Galloway  (brown  ore),  197  ;  Hoskins 
(brown  ore),  197  ;  Hoskins,  Hiawassee  River  (brown  ore),  197  ;  Madisonville 
(brown  ore),  197 ;  Tillico  (brown  ore),  197;  Montgomery  County,  Clarkville, 
T.  B.  Gracy  (brown  ore),  208 ;  Perry  County,  Cedar  Creek  Furnace  (brown 
ore),  208;  Rhea  County,  Wilson  (brown  ore),  197;  Eoane  County,  Wilson 
(brown  ore),  197;  Rock  wood,  186  ;  South  Pittsburgh,  187 ;  Tennessee  River, 
758;  Tennessee  and  Virginia:  (semi-magnetic),  115  ;  Virginia:  Big  Stone  Gap 
(fossil  ore),  118;  Cripple  Creek  district,  753;  Carter's  Ferry,  Major  Graham, 
749 ;  New  Bank,  749 ;  Crozer  Station,  Johnson,  749 ;  Crozer  Steel  and  Iron 
Co.,  Hurst  property,  749 ;  Foster  Falls,  R.  J.  Tipton  heirs,  748  ;  Gannaway 
tract,  749 ;  Graham  &  Robinson,  749  ;  Kitchen  Farm,  749 ;  Little  Eeed  Island 
Creek,  C.  Hurst,  749 ;  Crawford  property,  748,  749 ;  Cripple  Creek  Iron  Co., 
749;  N.  Sayers,  749;  Southern,  748,  749;  Wm.  Hurst,  749;  New  Eiver, 
Calfee,  749;  New  Eiver  Mineral  Co.,  749;  Poplar  Camp  Mountain,  Wythe 
Lead  and  Zinc  Co.,  748;  Porter  ore-bank,  749;  Pulaski  County,  Farris,  748; 
Tipton,  749. 
Of  kaolin,  34. 

Of  limestone:    Alabama:   Calhoun   County,  Anniston,   213;    Jefferson  County, 
Jones'   Valley,  213;    Shelby  County,  Shelby   Iron    Works,  213;    Talladega 
County,  Alabama  Furnace,  213;   Tennessee,  Eoan  County,  Hamilton  Quarry, 
213;  Eockwood,  213. 
Of  litharge,  463. 
Of  manganese  steel,  461. 
Of  natural  gas,  529,  530,  531 ;  Pennsylvania :  Westmoreland  County,  Grapeville, 

531. 
Of  pig-iron,  458,  459;  Alabama:  Calhoun  and    Talladega  Counties,   216,  217; 
Georgia:  Bartow  County,  216;    North  Carolina:   Cranberry,  216;   Tennessee: 
Blount  County,  214,  215;  Eoan  and  Meigs  Counties,  214. 
Of  producer-gas,  829,  830,  831. 

Of  rocks:  Michigan:  Lake  Superior,  Animikie,  674,  675,  676. 
Of  semi-anthracite  coal:  Other  Countries  :  China:  Chin-san,  112;  Kun-chok- 
wan,  112;  Mun-to-san,  111;  See-mah-poo,  111;  Tse-lung-chung,  112;  Woo- 
shen-tung,  112. 
Of  spiegeleisen  :  Alabama:  Anniston,  183,  216. 

Of  slags  :  Arizona:  Bisbee  District,  59;  Black  Range  District,  Verde,  72;  Globe 
District,  Globe,  64  ;  Tombstone,  612. 
Anderson  County,  Tenn.,  coal,  210. 
Andesite  in  San  Juan  District,  Col.,  234,  244. 
Andover  Iron  Works,  Phillipsburg,  N.  J.,  Visit  to  [Ixvii]. 

Animikie  Rocks  and  their  Vein- Phenomena,  as  shown  at  the  Duncan  Mine,  Lake  Supe- 
rior (Courtis),  [Ixxviii],  671. 
Anniston,  Ala.,  manganiferous  iron-ore,  182,  207. 
Anthracite  coal  of  Northern  coal-field,  Pa.,  700. 
Anticlinal  Theory  of  Natural  Oas  (Chance),  [Ixiv],  3. 

Apparatus  for   Volumetric  Determinations  with  Potassium  Permanganate    (Jones), 
[Ixxviii],  625. 
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Archbald  pot-holes,  Lackawanna  Connty,  Pa.,  634  [703]. 

Arizona  Central  copper-niino,  Clifton  District,  Arizona,  34. 

Arizona  Copi>er  Company  [SO,  39.  40,  41],  49,  52. 

Ascension  theory  of  ore-deposits,  137,  138. 

AsHBCRNKR,  Charijes  A.,  The  Geologic  Dislrihution  of  Katural  Gas  in  the  United 
States  [Ixx],  505;  The  Geologic  lielniions  of  the  Nanticoke  Disuatei-  [Ixiii],  629; 
Remarks  on  the  geology  of  Bethlehem  and  vicinity  [ixiv] ;  On  Hocking  Val- 
ley ores,  754;  On  indicative  plants  ("57. 

Ashe  County,  N.  C ,  iron-ores,  190,  206. 

Assays  of  eruptive  rock,  139,  140. 

Associates,  Election  of,  Ixvi,  Ixxii,  Ixxxi :  Change  of  status  to  member,  Ixvii, 
Ixxiii,  Ixxxi. 

Attainment  of  Uniformity  in  the  Bessaner  Proce!<s  (IToave)  [Ixiii],  340. 

Attalla,  Etowah  County,  Ala.,  iron-ore,  1S8,  759. 

Auglaize  County,  O.,  natural  gas,  522. 

Australia :  B-illarat  School  of  Mines,  329. 

Baltimore  coal-bed,  Kingston  Township,  Pa.,  640  [703],  704. 

Barber  silver-mill.  Calico,  Cal.,  731. 

Bartow  County,  Ga.,  iron-ores,  179,  ISO,  191,  198,  206, 

Basalt  in  San  Juan  district.  Col.,  236,  245. 

Beaver  County,  Pa.,  natural  gas,  518. 

Bellaire,  Ohio,  Bessemer  works,  347,  348,  349. 

Belt-line  theory  of  natural  gas,  6. 

Berlin,  Germany,  mining  school,  320,  328,  810. 

Bessemer  process:  Carbon  in  rail-steel  more  readily  and  more  irregularly  oxidized, 
344;  cause  of  greater  uniformity  in  low-carbon  Bessemer  steel,  343;  color 
method  of  determining  carbon,  353;  direct  vs.  cupola-melted  iron,  346;  high 
vs.  low  carbon  open-hearth  steel,  346 ;  large  vs.  small  heats,  345 ;  open-hearth 
r«.  Bessemer,  344;  uniformity  in,  340. 

Bessemer  Steel  Works:  Illinois:  Joliet,  347;  Missouri:  St.  Louis,  Vulcan,  347; 
Ohio;  Bellaire,  347,  348,  349;  Pennsylvania:  Bethlehem,  347,348,  349;  Pitts- 
burgh  exiting  Co.,  347,  348,  352. 

Bethlehem  Iron  Company's  Works,  Pennsylvania,  Visit  to  [ixvii]. 

Bethlehem,  Pa.,  Bessemer  works,  347,  348, 349  ;  Meeting;  May,  1886,  Proceedings, 
Ixi ;  Papers,  1. 

Beverly  furnace.  Porter  ore-bank.  Cripple  Creek  district,  Southwest  Virginia,  749. 

Bibb  Connty,  Ala.;  brown  ores  [181],  [183],  201 ;  coal,  211. 

Big  coal-beil,  Scranton,  Lackawanna  Count}',  Pa.  [703]. 

Big  Stone  Gap  coal-field,  Va.,  119,  120. 

Big  Stone  Gap  iron -mine,  Va.,  118. 

Bingen,  Pa.,  Visit  to  [Ixviii]. 

Biographicnl  Notice  of  Martin  B.  Coryell  (Eaymond),  [Ixxvii],  599. 

BiRKi>T?iyE,  John,  A  Tilting-Ludle  Car  for  Molten  Metal  or  Slag  [Ixxviii],  685; 
Comparisons  of  Blast- Furnace  Records  [Ixvii],  147;  The  Distribution  and  Pro- 
portions of  American  Blast-Furnaces  [second  paper]  [Ixxix],  690 ;  Eemarks  on 
Cripple  Creek  district,  Va.,  754. 

Birmingham,  Alabama,  furnaces  [183],  [185]. 

Birmingham  iron  district,  Ala.,  735,  759. 

Bisbee  Copper  District,  Arizona,  32,  52  el  seq. 

Bismarck  silver-mine.  Calico,  Cal.,  723. 
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Black  Copper  mine,  Globe  District,  Arizona,  67. 

Black  Diamond  coal-mine,  Luzerne  County,  Pa.,  640. 

Black  Hills,  Dakota,  gold,  769. 

Black  Eange  Copper  District,  Yavapai  County,  Arizona,  26,  32,  68. 

Blackfoot  silver-mines.  Calico,  Cal.,  726. 

Blacksburg,  Va.,  Agricultural  and  Mechanical  College  [321]. 

Blake,  F.  C,  The  Use  of  Natural  Oas  in  a  Lead  Blast- Furnace  [Ixxi],  661 ;  Ee- 
marks  on  the  effects  of  mineral  salts  on  plants,  657. 

Blast-furnaces  :  Alabama:  Birmingham  district  [185]  ;  Alice,  736,  739 ;  Mary  Pratt, 
736, 739, 742, 757 ;  Oxmoor,  736  ;  Sloss,  726, 739, 741 ;  Williamson,  736,  739,  741, 
742;  Woodward,  736,  739,  742 ;  Calhoun  County,  Woodstock,  182;  Cherokee 
County,  Tecumseh  [180],  181 ;  Talladega  County,  Alabama  [182];  Georgia: 
Gadsden  [185]  ;  Eising  Fawn  [185]  ;  Illinois:  North  Chicago,  439  [440],  446; 
North  Chicago  Eolling  Mill  Company,  156,  157;  Michigan:  Pine  Lake,  155; 
Vulcan,  155 ;  Missouri :  Midland  [440],  443, 444, 445, 446, 447  ;  Nno  York :  Essex 
County  ;  Port  Henry,  Cedar  Point,  425  ;  Franklin,  166  ;  Ohio:  Zanesville,  Ohio 
Iron  Company,  152;  Penn.'ii/fraju'o;  Johnstown, Cambria  County,  159;  Pittsburgh, 
Edgar  Thomson,  155  ;  Lucy,  425  ;  Pottstown,  Warwick,  147  et  seq.,  390  [440], 
441,  443,446;  Thomas  Iron  Company,  165;  Tennessee,  Chattanooga  [185]; 
Chattanooga  Iron  Company  [742],  744,745;  Citico  [742],  744,745;  Rising 
Fawn,  757;  Dayton  [185]  [742,  743];  Emory  Gap,  Oakdale  [185]  [743]; 
Eockwood  [178],  185,  190  [742],  743;  South  Pittsburgh  [742],  743;  Warner, 
192;  Virginia:  Cripple  Creek  district.  Porter  ore-bank,  Beverly,  749 ;  Long- 
dale,  168,  169  ;  New  Eiver,  Ivanhoe,  748 ;  Eoanoke,  Crozer,  751 ;  Other 
Countries:  England:  Cleveland  District,  Clarence  [440],  441,  442,446; 
Ormsby  [440],  441,  442;  Styria :  Wrbna  [440],  445,  446. 

Blast-furnaces  in  America,  690. 

Blast-furnaces  in  the  United  States  and  in  England,  Various  forms  of,  illustrated, 
421-446. 

Blast-furnace  process:  Comminuted  stock  a  cause  for  "dirt  troubles,"  148,  160 ; 
comparison  of  fuels,  149,  154  ;  comparisons  of  records,  154-159  ;  deficient  sup- 
ply of  fuel,  430 ;  dirt  troubles,  148,  149 ;  necessity  of  careful  distribution  of 
stock,  150;  opening  a  chilled  hearth  with  the  coal-oil  blowpipe,  417  ;  position 
of  tuyeres,  427 ;  scaflTolds,  151,  161  ;  selection  of  iron  ores,  436;  shape  of  fur- 
nace, 428,  440;  temperature  of  blast,  155;  treatment  of  scaffolds,  425;  way 
to  avoid  irregularities,  419. 

Bledsoe  County,  Tenn.,  brown  ores,  196. 

Blockton  coal-mine,  Cahawba  field,  Ala.,  194. 

Bloomfield  gas-well,  Ontario  County,  N.  Y.,  524. 

Blount  County,  Ala.,  brown  ores  [181]. 

Blount  County,  Tenn.,  brown  ores  [178],  196. 

"Blue  Billy"  iron-ores,  191,  206;  analysis  of,  206. 

Blue  Mountain,  Anniston,  Ala.,  manganese  ores,  207. 

Bodie  gold  and  silver-mines.  Mono  County,  Cal.,  729. 

Bonne  Terre  lead-mines.  Mo.,  excursion  to,  Ixxiv. 

Bore-holes  of  the  Wyoming  Valley,  640. 

Boss  silver-mine,  Calico,  Cal.  [724]. 

Boulder  copper-mine,  Clifton  district,  Arizona,  36. 

Bowman,  Amos,  Mining  Developmerits  on  the  Northwestern  Pacific  Coast,  arul  their 
Wider  Bearing  [Ixxviii],  707. 

Bow  Eiver,  British  Columbia,  anthracite,  709. 
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BoVD,  C.  R.,  The  Economic  Geoloefy  of  the  Bristol  and  Big  Stone  Gop  Section  of  Ten- 
nessee and  Virginia,  Pvrsuing  the  General  Cottrse  of  the  South  Atlantic  and  Ohio 
Bailroiid  [Ixiv],  114. 

Bradford  oil-district,  Pa.,  519. 

Bradley  County,  Tenn.,  reii  fossil  ores,  203. 

Bradley's  insvdated  air  pipe-cuvering,  619,  G20,  624. 

British  Columbia  :  Coal  and  iron  deposits,  709. 

British  Columbia  :  Gold  deposits,  707. 

Broken  Arrow  coke,  Cedartown  Company,  Ga.,  195. 

Bultfontein  diamond-mine,  Griqualaud  West,  Cape  Colony,  South  Africa,  392,  395, 
406,  413,  414. 

Buried  valleys :  Newport  Creek  [703]  ;  Wyoming  640  [703],  705. 

Buruing  Moscow  silver-mine,  Calico,  Cal.,  722. 

Cahawba  coal-field,  Ala.  [193],  194,  211  [737]. 

Calhoun  County,  Ala.,  iron  ores  [181],  182,  199;  limestone,  213. 

Calico,  Cal.,  silver-mines  of,  717. 

California,  University  of,  Oakland,  320,  321,  323,  331,  332,  336. 

Cambria  Iron  Company,  Johnstown,  Pa.,  159. 

Canonsburg,  oil-wells,  Chartiers  township,  Washington  County,  Pa.,  516,  518,  532, 

539. 
Carbonate  of  magnesia  pipe  covering,  618,  620,  624. 
Carbondale,  Pa.,  anthracite  coal,  699. 
Cardifl',  Wales,  patent  English  coke,  48. 
Carey  gas-well,  Ohio,  522. 

Carkin  coal-mines,  Kanawha  County,  W.  Va.  [541]. 
Caroline  County,  N.  C,  iron-ores,  190,  206. 
Carolina,  North,  University  of,  321. 
Cariboo  gold  district,  British  Columbia,  707,  713. 
Carter  County,  Tenn.,  brown  ores,  178,  196. 
Cassiar,  British  Columbia,  gold  [714]. 
Catoosa  County,  Ga.,  brown  ores  [179]. 
Cattaraugus  County,  N.  Y.,  natural  gas  [524]. 
Cave-formation  by  surface-waters,  129-131. 
Caves  in  limestone  formations,  128. 

Cedar  Point  furnace.  Port  Henry,  Essex  County,  N.  Y.,  425. 
Chalmer-Spence  Company's  patent  removable  pipe  coverings,  618,  619,  620,  624. 
Champaign  County,  O.,  natural  gas  [522],  540. 
Champlain  period  in  Southwestern  Colorado,  239. 
Chaxce,  H.  M.,  The  Anticlinal  Theory  of  Natural  Goj^  [Ixiv],  3. 
Chapman's  slate  quarries,  Bingen,  Pa.,  Visit  to  [Ixviii].  • 

Charleston,  Ariz.,  silver-mills,  601. 
Chartiers  Gas  Company,  Pittsburgh,  Pa.,  531,  532,  533. 
Chattanooga  iron  district,  Tenn.  [735],  742 ;  Cost  of  making  pig-iron  in,  761 ; 

Description  of  ores  in,  757. 
Chattanooga  Iron  Company's  furnace,  Chattanooga,  Tenn.  [742],  744,  745. 
Chattanooga  Tenn.,  furnaces  [179, 185]. 
Chattooga  County,  Ga.,  brown  ores  [179],  180. 
Chehts'eb,  Prof.  Byron  W.,  Colorimetric  Estimation  of  Manganese  in  Steel  [Ixv], 

102  ;  Two  Conditions  of  Phosphorus  in  Iron  [Ixxiv],  448. 
Cherokee  County,  Ala.,  brown  ores  [181],  198. 
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Cherry  Grove  oil-district,  Warren  County,  Pa.,  519. 

Chester,  Pa.,  Eolling-Mills,  342,  347,  353. 

Chicago  copper-mine,  Globe  District,  Arizona,  61. 

Chihuahua,  Mexico,  copper-ores,  76. 

Chilton  County,  Ala.,  iron-ores  (limonites),  191,  207. 

Chinese  coals,  110. 

Chin-san,  China,  semi-anthracite  coal,  112. 

Chism,  Richard  E.,  Mexican  Weights  and  Pleasures  [Ixv],  122,588;  Sierra  Mojada 
[Ixxiv],  542. 

Chrysocolla,  analysis  of,  67. 

Church,  John  A.,  Concentration  and  Smeltimg  at  Tombstone,  Arizona  [Ixxviii],  601. 

Citico  furnace,  Chattanooga,  Tenn.  [742],  744,  745. 

Clarence  furnace,  Cleveland  District,  England  [440],  441,  442,  446. 

Clarendon  oil-sand,  Warren  County,  Pa.,  518. 

Clarion-Butler  oil-belt,  Pa.,  7,  8. 

Clark  coal-bed,  Scranton,  Lackawanna  County,  Pa.  [703]. 

Clausthal,  Germany,  mining  school,  320,  327,  334,  810,  816. 

Clay  County,  Ala.,  iron-ores  (magnetites),  191,  206. 

Clay-iron-stone,  Analyses  of,  209. 

Clear  Spring  coal-mine,  West  Pittston,  Pa.,  640. 

Clifton  district,  Graham  County,  Arizona,  26,  28,  30,  35,  77  ;  First  smelting  of  cop- 
per ores,  42  ;  Wages  of  miners,  40. 

Coal:  Analyses  of.  111,  112,  113,118,120,121,210,211,212,820;  anthracite  coal  of 
Northern  coal-fields.  Pa.,  700;  formation  of  coal  from  mine  timber,  819;  in 
Alabama,  Georgia,  Tennessee,  170  et  seq.;  in  China,  110;  in  Japan,  114. 

Coal-beds:  Pennsylvania:  Kingston  Township,  Baltimore,  640;  Hillman,  640,  641 
[703]  ;  Mills,  641 ;  Lackawanna  County,  Scranton,  Big  [703]  ;  Scranton,  Clark 
[703]  ;  Scranton,  Diamond  [703]  ;  Scranton,  Rock  [703]  ;  Luzerne  County, 
Wilkesbarre,  Baltimore  [703],  704 ;  Red  Ash  [703]  ;  Ross  [703]  ;  Plymouth, 
Lance,  704;    Virginia:  Flat  Top,  Pocahontas,  751. 

Coal-fields:  Alabama:  Cahawba  [193],  194,  211  [737];  Coosa  [193],  195,212; 
Warrior  [193],  194,  211  [737],  740;  Fennsykania :  Northern,  699;  Tennes- 
see: Walden's  Ridge,  743,  744;  Virginia:  Big  Stone  Gap,  119,  120;  Flat  Top 
[747],  751 ;  Smythe  County,  Glade  and  Locust  Mountains  (bituminous),  121. 

Coal-mines:  Alabama:  Cahawba  field,  Blockton,  194;  Helena,  194;  Montevallo, 
194;  Warrior  coal-field,  Pratt,  194,  740,  741 ;  Pennsylvania:  Kingston  Town- 
ship, Enterprise,  640  ;  Kingston  Township,  Henry,  640;  Pettibone,  640;  Pros- 
pect, 640;  Wyoming,  640;  Lackawanna  County,  Ridge,  634;  Luzerne  County, 
Black  Diamond,  640;  Harry  E.,  640;  Maltby,  640;  West  Pittston,  Clear 
Spring,  640  ;  Knight,  640 ;  Niagara,  640  ;  Schooley,  640 ;  Wilkes-barre,  Stan- 
ton, 706  ;•  Wyoming,  Fuller,  640;  Rockwood,  Roane  Iron  Company,  193; 
West  Virginia:  Kanawha  County,  Carkin  [541]. 

Cochise  County,  Arizona,  copper,  26,  52. 

Cocke  County,  Tennessee,  brown  ores  [178]. 

Coke,  Analyses  of,  210,  212,  741,  745,  752,  753. 

Coke:  Colorado:  Trinidad,  66;  New  Mexico :  San  Anton,  San  Pedro,  66;  relative 
value  of  English  and  Trinidad  cokes,  66. 

Colburn  gas-well,  Chautauqua  County,  N.  Y.,  523. 

Colorado,  geology  and  vein-structure  in  southwestern  part,  218. 

Colorado  School  of  Mines,  Washington,  D.  C,  321,  322,  330. 

Culorimetric  Estimation  of  Manganese  in  Steel  (Cheever)  [Ixv],  102. 
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Color-method  for  estimation  of  manganese  in  iron  and  steel,  104. 

Columbia  College  School  of  Mines^  N.  Y.,  320,  321,  322,  330,  332,  336,  338,  590, 
809,  S14,  818. 

Columbia  County,  X.  Y.,  natural  g.is  [524]. 

Columbiana,  Shelbv  County.  Ala.,  191,  207. 

Columbian  I'niversity,  Corcoran  Scientific  School,  321. 

Comb-structure  of  veins,  133. 

Comet  silver-mine.  Calico,  Cal.  [724],  726. 

Compagnie  Franfaise  des  Mines  de  Diamants  du  Cap,  South  Africa  [39f  ]. 

Comparison  of  Some  Southern  Cokes  and  Iron- Or€s  (McCreath  and  d'Ixvillikrs) 
[Ixxviii],  734. 

Comparisons  of  Blast- Fttniace  Eecords  (Birki>'BINE)  [Ixvii],  147. 

Comstock  Lode,  Nev.,  729. 

CoMSTOCK.  Dr.  Theodore  B.,  The  Geolooy  and  Vein-Slntcfure  of  Sordhwentem  Colo- 
rado [Ixiv],  218  ;  Mining  Engineering  at  the  University  of  Illinois  [Ixxiv],  589. 

Concentration  and  Smelting  at  Tombstone,  Arizona  (Ciii'RCii)  [Ixxviii],  601. 

Condition  of  Silver  in  a  Sample  of  Litharge  (Wait)  [Ixxiv],  463. 

Conewago  Iron  Company,  Middletown,  Pa.  [831]. 

Congress  silver-mine,  Ked  Mountain  district.  Col.,  261. 

Connellsville  coke,  4S. 

CoDstancia  Mining  Company,  Sierra  Mojada,  State  of  Coahuila,  ^Icx.,  553. 

Cook,  Edgar  S.,  Large  Charges  vs.  Small  Charges  at  Warwick  Furnace  [Ixxi],  390; 
Remarks  on  dirt-troubles  at  Warwick  furnace,  Pottstown,  Pa.,  159. 

Cooper  oil-sand.  Pa.,  519. 

Coosa  coal-field,  Ala.  [193],  195,  212. 

Coosa  County,  Ala.,  iron-ores  (limonites),  191,  207. 

Copper  Basin,  Prescott,  Arizona,  74. 

Copper  Crown  copper-mine,  Clifton  district,  Arizona,  36. 

Copper  in  Sierra  Mojada,  Mex.,  550,  551,  586. 

Copper  Jack  copper-mine,  Globe  district,  Arizona,  67. 

Copper-mines :  Arizona:  Bisbee  district.  Copper  Prince,  54,  58,  59 ;  Copper  Queen, 
53  et  seq. ;  Hendricks,  59;  Silver  Bear  [57];  Black  Range  district.  Eureka, 
Hampton,  69-72  ;  Verde,  72 ;  Clifton  district,  Arizona  Central,  34  ;  Boulder,  36  ; 
Copper  Crown,  36  ;  Coronado,  29, 36  et  seq. ;  Crown  Leaf,  36  ;  Detroit,  34 ;  Guth- 
rie, 41 ;  Horseshoe,  36,  38  ;  Humboldt,  34  ;  Joy,  34 ;  Lone  Pine,  41 ;  Longfellow, 
30  et  seq.;  Matilda,  36  ;  Metcalf,  35,  36,  39,  40  [49]  ;  Modoc,  34,  41 ;  Monte- 
zuma, 34;  Queen,  36,40  [49];  Yankee,  34;  Dragoon  Mountains,  Johnson, 
74  ;  Globe  district.  Black  Copper,  67  ;  Chicago,  61  ;  Copper  Jack,  67;  Globe, 
61  et  seq. ;  Gray  Copper,  67  ;  Little  Big  Bonanza,  67  ;  New  York,  61 :  Old 
Dominion,  60;  Graham  county,  Clifton,  26,  28,  30;  Tucson,  Omega,  74;  Ya- 
vapai county.  Black  Range,  26,  32;  New  Mexico  :  Burro  Mountains,  Silver  City, 
74;  Santa  Rita,  25,  27;  Romero,  27.  Other  Countries:  Germany:  Mans- 
feld,  75. 

Copper  Mountain  mining  district,  Graham  County,  Arizona,  26,  28,  34. 

Copper-ores:  Analysis  of,  31,  39,  45,  60,  64,  65,  206;  intrusive  origin,  32;  surface- 
ores,  the  richest,  37 ;   Tennessee,  Polk  County,  Duck  Creek,  191,  206. 

Copper-ores  of  the  Southwest  (Wexdt)  [Ixiv],  25. 

Copper  Prince  copper-mine,  Bisbee  District,  Arizona,  54,  58,  59. 

Copper  Queen  copper-mine,  BLsbee  District,  Arizona,  53  et  seq. 

Cornell  University,  Ithaca,  N.  Y.,  321. 

Coronado  Copper-mines,  Clifton  Mining  District,  Arizona,  29,  36  et  seq. 
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Cortez  District,  Nevada,  Concentration  of  silver-ores,  355. 

Council,  Eeport  of,  Ixxxi. 

Courtis,  W.  M.,  The  Animikle  Rocks  and  their  Vein- Phenomena,. as  shown  at  the 

Duncan  Mine,  Lake  Superior  [Ixxviii],  671. 
Coverings  for  steam-pipes,  618. 
Cranberry  iron-ores,  North  Carolina,  190,  759,  760. 
Cripple  Creek  Iron  District,  Southwest  Virginia  [735],  746. 
Croton  Magnetic  Ore  Company's  iron-mines,  Putnam  County,  N.  Y.  [79],  80, 
Crown  LeSf  copper-mine,  Clifton  District,  Arizona,  36. 
Crozer  Furnace,  Roanoke,  Va.,  751. 
Crystal  City,  Mo.,  Excursion  to,  Ixxv. 
Cuba  Oil-spring,  Allegany  County,  N.  Y.,  525. 
Cullman  County,  Ala.,  clay-iron-stone,  209. 
Cumberland  Coal-field,  Tenn.,  743,  744. 

Dade  County,  Ga.,  coal,  193,  194,  211,  745;  red  fossil-ores,  203. 

Dayton,  Tenn.,  Furnaces  [185]  [742],  743. 

De  Beer's  diamond-mine,  Griquaiand  West,  Cape  Colony,  South  Africa,  392,  395, 

404,412,413,414,415. 
Decatur  County,  Tenn.,  brown  ores,  208. 
De  Kalb  County,  Ala.,  iron-ores,  188. 
Delaware  County,  N.  Y.,  natural  gas  [524]. 
Dennis  oil-well,  Bradford,  Pa.,  514. 
Department  del  Centro,  Mexico,  15,  17. 
Designolle  process  of  roasting  gold-ores,  771. 
Desloge,  John  M.,  Remarks  on  indicative  plants,  659. 

Detroit  Copper  Company's  mines,  Clifton  District,  Arizona,  34  [39,  42],  49,  52,  569. 
Detitschland  mine,  Schwintoschlowitz,  Prussia,  Accident  at,  644. 
Diamond  coal-bed,  Scranton,  Lackawanna  County,  Pa.  [703]. 
Diamond-mines  of  South  Africa  (Williams)  [Ixxi],  392. 
Diamond-mines;  South  Africa,  Cape  Colony,  Griquaiand  West,  Bultfontein,  392, 

395,  406,  413,  414 ;  De  Beer's,  392,  395,  404,  412,  413,  414,  415 ;  Du  Toit's  Pan, 

392,  395,  406,  413,  414;  Kimberley,  392,  395, 412,  413,  414,  416 ;  St.  Augustine, 

392,  395. 
Dickson  County,  Tenn.,  brown  ores,  208. 

Dickson  Manufiicturing  Company's  shops,  Scranton,  Pa.,  Visit  to  [Ixxxvi]. 
Dilworth  gas-well,  Ilomewood,  Allegheny  County,  Pa.,  509. 
D'Invilliers,  E.  v.,  and  McCekath,  A.  S.,  Comparison  of  Some  Southern  Cokes  and 

Iron-Ores  [Ixxviii],  734. 
"Dirt-troubles"  of  Warwick  Furnace,  Pa.,  148,  149. 
Distribution  and.  Proportions  of  American  Blast- Furnaces  [second  paper]   (BiRKiN 

bine)  [lxxix],690. 
Dolomite  country-rock,  Analysis  of,  64. 
Dolores  Hacienda,  Department  of  Ejutla,  Mexico,  18. 
Dolores  silver-mine,  Sierra  Mojada,  State  of  Coahuila,  Mexico  [553]. 
Dorn  gold-mine.  South  Carolina,  657. 
Drift  deposits  in  Northern  coal-field  of  Pennsylvania,  705. 
Duck  Creek,  Polk  County,  Tenn.,  copper-ores,  191,  206. 
Duncan  silver-mine,  Port  Arthur,  Thunder  B^y,  Lake  Superior,  671. 
Dunnachie  Continuous  Regenerative  Oas  Kiln  for  Burning  Fire-brick,  Pottery,  etc- 

(Egleston)  [Ixxiv],  488. 
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Durham  Cave,  Durliam  Iron  Works,  Pa.,  Session  in,  Ixviii. 
Durham  Iron  Works.  Kiegelsville,  Pa.,  Visit  to,  Ixviii. 
Dutchess  County,  N.  Y.,  natural  cas,  524. 

Du  Toit's  Pan  tliamond-miue,  Griquahuid,  West  Cape  Colony,  South  Africa,  392, 
395,  406,  413,  414. 

Eastman  ».^  Smith  iron-mine,  Chattanooga  district,  Tennessee,  758,759. 

JEconomie  Geolot/i/  of  the  Bristol  and  Big  Stone  Gap  Section  of  Tennessee  and  Virginia, 

Pursuing  the  General  Course  of  the  South  Atlantic  and  Ohio  E.R.  (Boyd)  [Ixiv], 

114. 
Eden  Colliery,  Lackawanna  County,  Pa.,  634. 
Edgar  county,  111.,  natural  gas  [540]. 

Edgar  Thomson  Steel  Works,  records  of  blast-furnaces,  155. 
Eglestox,  Thomas,  The  Dunnachie  Continuous  Megenerative  Gas  Kiln  for  Burning 

Fire-brick;  Pottery,  etc.  [Ixxiv],  488. 
Ejutla,  Department  of,  Mexico,  15,  18. 
Elba,  Island  of,  specular  iron-ores,  132. 
Election  of  members  and  associates,  Ixv,  Ixxi,  Ixxix. 
Electrotypes,  Usefulness  of,  to  engineers  and  manufacturers,  266. 
Elk  County,  Pa.,  gas-wells,  513,  519. 
Emmerton,  F.  a.,  a   Rapid  Method  for  the  Determination  of  Phosphorus  in  Iron, 

Steel,  and  Ores  [Ixv],  93. 
Emmoxs,  S.  F.,  The  Genesis  of  Certain  Ore-Deposits  [Ixiv],  125. 
Enargite  in  Summit  district,  Colorado,  251. 
Engraving,  Photo-mechanical,  266. 
Enterprise  Colliery,  Kingston  Township,  Pa.,  640. 
Eocene  lake-beds  in  Southwestern  Colorado,  232. 
Eruptive  rocks  a  source  of  ore-deposition,  138,  140,  142,  143. 
Esmeralda  silver-mine,  Sierra  Mojada,   State  of  Coahuila,  Mexico,  552  [553]  ; 

Smelting  Works,  557,  560,  561,  566,  586. 
Estimation  of  Manganese  in  Iron  and  Steel  by  the  Color-Method  (Hunt)  [Ixv],  104. 
Etowah  County,  Ala.,  iron-ores,  188,  204. 
Eureka,  Ala.,  iron-ores,  189,  738. 

Eureka  copper-mine,  Black  Range  district,  Arizona,  69-72. 
Europe,  New  geological  map  of,  681. 

Evans  &.  Howard  Fire-brick  Co.,  St.  Louis,  Mo.,  Visit  to  [Ixxiv]. 
Experiments  in  Matting  Iron  Sulphides  (Spilsbury)  [Ixxix],  767. 

Fayette  County,  Pa.,  oil-works,  513. 

Fire-brick,  gas-kiln  for  burning,  488. 

Flat  Top  Coal-field,  Southwest  Virginia  [747],  751. 

FLEiriNG,  H.  S.,  General  Account  of  the  Iron-  Ores  Used  in  the  Chattanooga  District 

[lixviii],  757. 
Floyd  County,  Ga.,  brown  ores  [179],  180,  198. 
Formation  of  Coal  from  Mine-timber  (Moffat)  [Ixxix],  819. 
Forty  Foot  bore-hole,  Pa. ,  640. 
Fossil-meal  pipe-covering,  619,  620,  624. 

Francis,  Mr.  E.  R.,  Address  of  welcome  at  the  St.  Louis,  Mo.,  meeting,  Ixx. 
Franklin  County,  Ala.,  brown  ores,  208. 
Franklin  County,  Tenn.,  coal,  210. 
Franklin  furnace,  New  York,  records,  156. 
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Franklin,  Pa.,  oil-wells,  513. 

Frazer,  Dr.  Persifor,  Note  on  the  New  Oeohgical  Map  of  Europe  [Ixxvii],  681 ; 

Kemarks  on  the  Cripple  Creek  district,  Virginia,  756. 
Frazer  River,  California,  gold  excitement,  711. 
Fredonia  gas-well,  Chautauqua  County,  N.  Y.,  523. 
Freeman,  H.  C,  Remarks  on  gaseous  fuel  in  a  blast-furnace,  663 ;  on  indicative 

plants,  656  ;  on  natural  gas  in  the  Trenton  limestone,  539. 
Freiberg,  Saxony,  mining  school,  315,  320,  327,  334,  810,812,  816. 
Fremont  gas-well,  Sandusky  County,  O.,  522. 
French  Schools  of  Mines,  339. 
Friedensville  zinc-mines,  Pa.,  Visit  to  [Ixviii]. 
Frue  vanners,  305. 
Fuels  for  blast-furnaces,  149,  154. 
Fuller  bore-hole,  Wyoming,  Pa.,  640;  colliery,  640. 
Fulton,  John,  Remarks  on  the  iron-ores  of  the  Bristol  and  Big  Stone  Gap  section 

of  Tennessee  and  Virginia,  121. 

Gadsden,  Etowah  County,  Ala.,  iron-ore,  188, 

Gadsden,  Ga.,  furnaces  [185]. 

Garfield  silver-mill.  Calico,  Cal.,  731,  732  ;  silver-mines,  720,  724,  731. 

Garrison,  F.  Lynwood,  Specific  Gravity  of  Low-Carbon  Steel  [Ixv],  90 ;  The  Micro- 
scopic Structure  of  Steel  Hails  [Ixxviii],  761. 

Gas-kiln  for  burning  fire-brick,  pottery,  etc.,  488. 

Gas-liquors,  experiments  to  utilize,  663  et  seq. 

Gas,  natural :  Analyses  of,  529,  530,  531  ;  anticlinal  theory  of,  3 ;  average  range  in 
composition  of,  11 ;  belt-line  theory  of,  6,  8  ;  composition  and  fuel-value  in  the 
vicinity  of  Pittsburgh,  527  ;  durability  of  supply,  520;  gas-springs  and  com- 
mercial gas,  525;  in  the  Berea  grit,  521 ;  in  the  Trenton  limestone,  522;  in  the 
United  States,  505;  not  connected  with  coal,  524;  theories  of  origin,  4;  used 
in  a  lead  blast-furnace,  661. 

Gasport  gas-spring,  Niagara  County,  N.  Y.,  524. 

Gas,  producer,  volume-analyses  of,  829,  830,  831, 

Gas-producer,  water-cooled,  822. 

Gas-rock,  maximum  possible  yield,  12. 

Gas-sands:  Pennsylvania:  Kane,  519;  Sraeth port,  519. 

Gas-wells:  Illinois:  Litchfield,  526;  New  York:  Albany  County,  Knowersville, 
524 ;  Chautauqua  County,  Colburn,  523 ;  Fredonia,  523  ;  Oneida  County,  Ver- 
non, 523;  Ontario  County,  Bloomfield,  624;  Ohio:  Carey  [522]  ;  Oak  Harbor 
[522]  ;  Sandusky  County,  Fremont  [522]  ;  Pennsylvania:  Allegheny  County, 
Homewood,  Dilworth,  509;  Butler  County,  Lardintown,  517,  518;  Elk  County, 
Roy  and  Archer,  514,  519  ;  Pittsburgh,  Jones  and  Laughlin  [518]  ;  Ridgway, 
514;  Warren  and  McKean  counties,  Sheffield,  519;  Washington  County, 
McGuigan  [518]  ;  Mt.  Pleasant  Township,  Hickory  Post-office,  516,518  ;  West- 
moreland County,  Grapeville,  531 ;  Wilcox,  514. 

Gay-Lussac  absorbing-tower  for  nitrous  gas,  381,  382,  389. 

General  Accountof  the  Iron- Ores  used  in  the  Chattanooga  District  {Y'LEM.ysg)  [Ixxviii], 
757. 

General  Treatment  of  the  Soulhei-n  Gold  Ores,  and  Experiments  in  Matting  Iron  Sul- 
phides (SpiLsmmY),  767. 

Genesis  of  Certain  Ore  Deposits  (Emmons)  [Ixiv],  125. 
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Geologv:  Of  Alabama,  Georgia,  and  Tennessee,  171  ;  of  the  Black  Range,  Yavapai 
Coiintv,  Arizona,  09  ;  of  Bristol  ami  Big  Stone  Gap  section  of  Tennessee  and 
Virgini:!,  114;  of  the  CirilKxi  gold  district,  British  Columbia,  715;  of  San  Juan 
district,  Colorado,  2'22;  of  Sierra  Mojada,  Mexico,  54(5;  of  silver  district  at 
Calico,  CjU.,  718;  of  the  Tilly  Foster  ore-body,  Putnam  County,  N.  Y.,  SO  et 
stq. ;  value  of  geology  to  gas-explorers,  509. 

Geologif  and  Mining  in  the  Norlhirn  Anthntcite  Coal-Field  of  Pennsylvania  (Hill) 
[Ixxviii],  699. 

Gfoiogy  and  Vein-Sinieiure  of  SouthwesUrn  Colorado  (Comstock),  [Ixiv],  218. 

Geology  of  the  Tilly  Foster  Ore- Body  (Ruttmaxx),  [Ixiv],  79. 

Geologic  Distribution  of  Xatural  Gus  in  the  Uni-tcd  States  (.\shburxer),  [Ixx],  505. 

Geologic  Relations  of  the  Nunticoke  Disaster  (.\shburner),  [Ixiii],  629. 

Geological  Afop  of  the  United  States  (Hitchcock),  [Ixiv,  Ixxi],  465. 

Georgia:  Iron-ores,  187;  Metamorphic  ores,  191;  University  of,  321. 

Glacial  epoch  of  the  Quaternary  Period,  633. 

Glacial  i)ericHl  in  Southwestern  Colorado,  237. 

Glade  Mountain,  Smythe  Co.,  Va.,  bituminous  coal,  121. 

Glen  Alice,  Teun.,  iron-ore,  186 

Glenboig  tire-brick  works,  Glasgow,  490. 

Glendon  iron-works,  Glendon,  Pa.,  Visit  to  [Ixvii]. 

Globe  copper-district,  Maricope  County,  Arizona,  26,  30,  32,  60,  et  seq. 

Globe  copper-mine,  Globe  district,  Arizona,  61  et  seq. 

Glover  tower  for  denitrating  nitrous  vitriol,  381,  383. 

Gobbler  silver-mine.  Calico,  Cal.  [724.] 

Gold  :  Barrel-chlorination  process  of  treating  gold-ores,  775 ;  concentration  of  gold- 
ores  into  an  iron  matte,  772,  775;  in  the  Animikie  Rocks,  Lake  Superior,  677  ; 
in  British  Columbia,  707  ;  in  Colorado,  248. 

Gold-mines :  California :  Mono  County,  Bodie,  729  ;  Colorado,  Parrott  City,  248. 
South  Carolina :  Dorn,  657  ;  Lancaster  County,  Ilaile,  769.  Other  Countries  : 
Mexico:  Penoles,  17;  San  Miguel  Peras,  17. 

Gold-mining  at  the  Plaile  mine,  S.  C,  769. 

Gold-ores  :  Analyses  of,  773,  774;  Treatment  of  Southern  gold-ores,  767. 

Gordon  County,  Ga.,  brown* ores  [179],  198. 

Graham  County,  Arizona,  copper,  26. 

Grand  Pri/e  silver-mine,  Red  Mountain  district.  Col.,  261. 

Grant  smelting- works,  Denver,  Colorado  [52]. 

Grapeville  gas-well,  Westmoreland  County,  Pa.,  531. 

Gray  copper-mine,  Globe  district,  Arizona,  67. 

Greene  County,  Pa.,  oil-sands,  516. 

Greene  County,  Tenn.,  brown  ores,  178,  196. 

Grittinger  cinder-tap,  149. 

Guston  silver-mine,  Red  Mountain  district.  Col.,  261. 

Guthrie  copper-mines,  Clifton  district,  Arizona,  41. 

Haile  gold-mine,  Lancaster  County,  S.  C,  769. 

Hair-felt  pipe-covering,  618,  620,  024. 

Hall  and  Lesley,  geological  map  of  the  United  States  west  of  the  Mississippi  [469] 

476. 
Hall  and  Logan,  geological  map  of  Canada  [469],  478. 
Hall,  James,  geological  map  of  the  Eastern  United  States,- 469. 
Hall,  W.  A.,  Qjmpany,  South  Africa  [397]. 
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Hamblen  County,  Tenn  ,  brown  ores,  196. 

Hamilton  County,  Tenn.,  coal,  210 ;  red  fossil-ores,  203. 

Hampton  copper-mine,  Black  range  district,  Arizona,  69-72. 

Hancock  Co.,  O.,  natural  gas,  522. 

Hand,  Hon.  Alfred,  Address  of  welcome  at  Scranton,  Pa.,  meeting,  February,  1887 
[Ixxvii]. 

Hanging-Pipe  Hot-Blast  Oven,  Sectional  (Wendt)  [Ixiv],  78. 

Han-Kow,  China,  anthracite  coal,  113. 

Harden,  J.  A.,  Remarks  on  gas-producers,  828. 

Hardin  County,  O.,  natural  gas  [522]. 

Harry  E.  coal-mine,  Luzerne  Co.,  Pa.,  640. 

Hart,  Edward,  The  Action  of  Dilute  Acids  on  Certain  Varieties  of  Fused  Sulphide 
of  Iron  [Ixv],  108. 

Harvard  Law  School,  Cambridge,  Mass.,  818. 

Helena  coal-mine,  Cahawba  field,  Ala.,  194. 

Hellertown,  Pa.,  furnaces,  167  [168]. 

Hendricks  Copper  mine,  Bisbee  District,  Arizona,  59. 

Henry  colliery,  Kingston,  Pa.,  640. 

Hickman  County,  Tennessee  (brown  ores),  208. 

Plickory  Post  Office,  Mt.  Pleasant  township,  Washington  County,  Pa.,  gas-wells, 
516,  518,  532,  539. 

Hill,  Frank  A.,  Geology  and  Mining  in  the  Northern  Anthracite  Coal-Field  of  Penn- 
sylvania [Ixxviii],  699. 

Hillman  coal-bed,  Kingston  Township,  Pa.,  640,  641  [703]. 

Hitchcock  and  Blake,  geological  map  of  the  United  States  [469],  481. 

Hitchcock,  C.  H.,  geological  maps  of  the  United  States  [469],  481,  482. 

Hitchcock,  C.  H.,  The  Geological  Map  of  the  United  States  [Ixxi],  465. 

Hitchcock,  Edward,  geological  map  of  the  United  States  [469],  471. 

Hocking  Valley  iron-district,  O.,  754. 

Hokendauqua,  Pa.,  Excursion  to  [Ixviii]  ;   Thomas  Iron  Company,  166,  168,  625. 

Homewood,  Pa.,  natural  gas,  509,  518. 

Hooker,  W.  A.,  Notes  on  Mining  in  Oaxaca  [Ixiv],  13. 

Hoo-nan,  China,  anthracite  coal,  113. 

Hopec,  China,  coal-mines  [113]. 

Ho-peck-Tsung-lio,  China,  bituminous  coal,  113.  • 

Horn  silver-mine,  Utah,  zinc-plant  at,  648. 

Horse-shoe  copper-mine,  Clifton  District,  Arizona,  36,  38, 

Hot-blast  oven,  Sectional  hanging-pipe,  78. 

Hot  Springs,  Red  Mountain  district.  Col.,  260. 

Howe,  H.  M.,  The  Attainment  of  Uniformity  in  the  Bessemer  Process  [Ixiii],  340. 

Huajuapam,  Mexico,  coal-beds,  19. 

Humboldt  copper-mine,  Clifton  Distrct,  Arizona,  34. 

Humbug  silver-mine,  Calico,  Cal.  [723],  724. 

Hunt,  Alfred  E.,  The  Estimation  of  Manganese  in  Iron  and  Steel  by  the  Color- 
Method  [Ixv],  104. 

Hunt,  Dr.  T.  Sterry,  Remarks  on  Hocking  Valley  district,  754, 

Ihlseng,  Prof.  M.  C,  method  of  plotting  vein-courses,  253,  254. 
Illinois,  natural  gas,  526,  539. 

Illinois,  University  of,  320,  321,  323,  331,  332,  336,  809, 810,  813,  814. 
Improvement  in  Apparatus  for  the  Manufacture  of  Sulphuric  Acid  (Adams)  [Ixxiji 
381. 
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Indiana,  natural  gas  in,  o'2G. 

IndietUii^  Plnitts  (RxYSiosu)  [Ixx],  CAA. 

Institute  of  Tecluiology,  BiK^ton.  >[:iss.,  318,  320,  323,  330,  332,  33G,  809,  814,  818. 

International  Congress  of  Geologists,  GSl. 

Inyo  County,  C:xl.,  silver  [717]. 

lone,  Cal.,  cx^al  [710]  [715]. 

Iron:  Action  of  dilute  acids  on  certain  varieties  of  fused  sul|)liide  of  iron,  108; 
analyses  of,  162,  163;  estimation  of  manganese  by  the  color  method,  104; 
phosphorus  in,  448. 

Iron-mines:  Alabuma :  Birmingham,  7")S);  Eureka,  738;  Redding,  737;  Wood- 
wanl,  73S ;  Missouri:  Iron  Mountain  [Ixxiv] ;  Pilot  Knob  [Ixxiv] ;  New 
York :  Putnam  County,  Croton  Magnetic  Ore  Company  [79],  80 ;  Maliopac  (niag- 
netic)  [79],  80  ;  Tilly  Foster  (magnetic),  79,  et  seq. ;  North  Carolina  :  Cranberry, 
759,  760;  Pennsylvania:  Rittenhouse  Gap,  Thomas  Iron  Company  [Ixviii]  ; 
Tennessee:  Chattanooga  District,  Attalla,  759;  Eastman  and  Smith,  759;  Ool- 
temah,  759;  Tennessee  River,  759,  760 ;  Clinch  River,  Stock  Creek  (red  he- 
matite), 117;  Roane  County,  Rockwood,  759  ;  Viryinia:  Big  Stone  Gap  (fossil- 
ore),  lis. 

Iron-Mountain.  Mo.,  Excursion  to  [Ixxiv], 

Iron-Ores  and  Coals  of  Alabama,  Georgia  and  Tennessee  (Porter)  [Ixiv],  170. 

Iion-Ores;  Analysis  of,  115,  117, 118,  150,  178,  179,  180, 181,  182,  183,  186,  187,189, 
196, 197,  198,  199,  200,  201,  202,  203,  204,  205,  206,  207,  208,  209, 739,  744,  748, 
749,  750,  753,  757,758;  Alabama:  Shelby  County,  Columbiana  (hematite),  191, 
207;  liraonites  or  brown  ores,  176;  in  North  Carolina,  190;  Tennessee  and 
Fir^inia  State  line:  Bristol  and  Big  Stone  Gap  Section  (semi-magnetic  and 
brown),  114;  Tennessee:  Chattanooga  District,  Rising  Fawn,  759. 

Iron- Works:  New  Jersey:  Phillipsburg,  Andover  [Ixvii]  ;  Pennsylvania:  Betlile- 
hem,  Bethlehem  Iron  Company  [Ixvii]  ;  Leliigh  Zinc  and  Iron  Company 
[Ixvii]  ;  Giendon  [Ixvii]  ;  Phoenixville,  Phrenix,  828;  Riegelsville,  Durham, 
[Ixviii]  ;  Scranton,  Lackawanna  Iron  and  Coal  Company,  819. 

Irregularities  of  the  Blasl-Furnace  Process  and  a  Practiced  Way  to  Avoid  them 
(Walsh;  [Ixx],  419. 

Iroquois  County,  111.,  natural  gas,  540. 

Ivanhoe  Furnace,  New  River,  Southwest  Va.,  748. 

Ires  Photo- Engraving  Process  and  its  Usef-ulness  to  Engineers  (Raymond)  [Ixiv],  266, 

James  County,  Tenn.,  iron-ores,  187,  203. 

Japanese  coals,  114. 

Jefferson  County,  Ala.,  clay-iron-stone,  209;  coal,  211;  iron-ores  [181],  183,  188, 
190,  201,  204,  209  ;  limestone,  213. 

Jefferson  County,  Tenn.,  brown  ores  [178],  196. 

Jesus-Maria  silver-mine.  Sierra  Mojada,  State  of  Coahuila,  Mexico  [553], 

Johnson  copper-mine,  Dragoon  Mountains,  Arizona,  74. 

Johnson  County,  Tenn.,  brown  ores  [178]. 

Johnson  J.  E. :  Remarks  on  blast-furnace  records,  168. 

Joliet,  111.,  Bessemer  steel  works  [9.i],  347. 

Jones  and  Laughlin's  gas-well,  Pittsburgh,  Pa.  [518]. 

JoxE-S,  Clkmen.s  :  Apparatus  for  Volumetric  Determinations  with  Potassium  Perman- 
ganate [Ixxviii],  625 

Joy  copper-mine,  Clifton  District,  Arizona,  34. 

Judson,  J.  N. :  Remarks  on  Mexican  smelters,  587. 
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Kane  gas-sand,  Pa.,  519. 

Kaolin :  Analysis  of,  34. 

Kentucky  :  Natural  gas  in,  526. 

Kent,  Williams :  Remarks  on  uniformity  in  the  Bessemer  process,  350. 

Keystone  furnace,  Pa.  [168]. 

Kimberley  Central  Mining  Company,  South  Africa  [397]. 

Kimberley  diamond-mine,  Griqualand  West,  Cape  Colony,  South  Africa,  392,  395, 

412,  413,  414,  416. 
King's  College  University,  Nova  Scotia,  321,  323. 
King  silver-mine,  Calico,  Cal.,  721,  731. 
Knight  coal-mine,  West  Pittston,  Pa.,  640. 
Knowersville,  N.Y.,  natural  gas,  513,  524. 
Knox  County,  Tenn.,  brown  ores  [178],  196. 
Korting  injector,  or  "acid  siphon  pump,"  358,  371.    • 
Kun-chok-wan,  China,  semi-anthracite  coal,  112. 

Lackawanna  and  Western  Railroad,  excursion  on  [Ixxxvi]. 

Lackawanna  Iron  and  Coal  Company's  Works,  Scranton,  Pa.,  819 ;  Visit  to  [Ixxxvi]. 

Lackawanna  Valley,  Pa,,  coal-basin,  700. 

Ladle-car  for  molten  metal  or  slag,  685. 

Lafayette  College,  Easton,  Pa.,  320,  321,  322,  332,  336,  809,  81.3,  814,  818. 

Lamberton,  Hon.  Robert  A.,  LL.D.,  Address  of  welcome  at  Bethlehem,  Pa.,  meet- 
ing, May,  1886  [Ixiii]. 

Lancaster  County,  S.  C,  gold,  769. 

Lance  Colliery,  Plymouth,  Pa.,  704. 

Langdon  gas-producer,  830,  831. 

La  Plata  district.  Col.,  247,  263. 

Lardintown  gas-well,  Butler  County,  Pa.,  517,  518. 

Large  Charges  vs.  Small  Charges  at  Warwick  Furnace  (Cook)  [Ixxi],  390. 

La  Salle  County,  111.,  natural  gas,  539,  540. 

Lauderdale  County,  Ala.,  brown  ores,  208. 

Lawrence  County,  Tenn.,  brown  ores,  208. 

Lawrence  Myers  Tract,  Bore-hole  on,  Kingston,  Pa.,  640. 

Law  schools  in  the  United  States,  337,  818. 

Lead  blast-furnace.  Use  of  natural  gas  in,  661. 

Lead-mines:  Missouri,  Bonne  Terre  [Ixxiv]. 

Lead  plant,  651. 

Leadville,  Col.,  silver-lead  ores.  Origin  of,  126,  127. 

LeConte's  ascension-theory  of  ore-deposits,  138. 

Lee,  R.  II.,  Note  on  the  Opening  of  a  Chilled  Hearth  with  the  Coal-oil  Blowpipe 
[Ixxi],  417. 

Lehigh  University,  Betlilehem,  Pa.,  320,  321,  322,  330,  332,  336,  809,  814  ;  Recep- 
tion at,  Ixviii ;  Visit  to  [Ixvii]. 

Lehigh  Zinc  and  Iron  Company,  Bethlehem,  Pa.,  78;  Visit  to  works  [Ixvii]. 

Leoben,  Austria,  mining  school,  320,  326,  334,  810,  816. 

Lesley,  Prof.,  Hypotheses  with  regard  to  natural  gas,  3,  4. 

Li^ge,  Belgium,  mining  school,  320,  328,  334,  810,  816. 

Lightning  Creek,  Cariboo  gold  district,  British  Columbia  [714]. 

Lima  oil-field,  O.,  522. 

Limestone,  Analyses  of,  213. 

Lincoln,  Cal.,  coal  [710],  [715]. 
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Ltkdgrex,  AValpemar,  Tht  Silver  Mines  of  Calico,  Cull/omin  [Ixxix],  717. 

Litchfield  gns-well,  111.,  5'2(i. 

Litharge,  Analysis  of.  4(53;  Condition  of  silver  in,  4(53. 

Little  Big  R>nanza  ct>pper -mine,  Globe  District,  Arizona,  67. 

Livingston  Connty,  111.,  natnral  sras,  541. 

Lock  Kidge  fnrnHces,  Pa.,  105,  ICG  [16S]. 

Locust  Mountain,  Smythe  County,  Va.,  bituminous  coal,  121. 

Lode- Locations :  a  Discussion  of  RecetU  Decisions  of  the  Supreme   Court  under  the 

U.  S.  Mining  Laic  (^Ray.mond)  [Ixiv],  272. 
Lognn  County,  O.,  natural  gas  [o22]. 

Logan  Sir  \V.  E.  and  Hall,  Prof.  James,  geological  map  of  Canada,  etc.  [469],  478. 
London,  Eng.,  KoyjU  School  of  Mines,  320,  32o,  810. 
Lone  Pine  tapper-mines,  Clifton  District,  Arizona,  41. 
Longdale,  Va.,  furnaces,  168,  169. 

Longfellow  copper-mine,  Clifton  district,  Arizona,  30  et  seq. 
Long  Valley,  Ala.,  coal,  193;  iron-ore,  188. 
Lookout  Mountain,  Tenn.,  iron-ore,  187,  188. 
Loudon  County,  Tenn.,  brown  ores,  178,  196. 
Lower  California  Copper  District,  75. 
Lucy  furnace,  Cliaiu  Dam,  Pa.,  167  [168]. 
Lucy  furnace,  Pittsburgh,  Pa.,  425. 
Liirmann  cinder-notch,  165,  168. 

LlTTGEX,  E^  Magnesium  Carbonate  as  a  Non-Cowl uctor  of  Heat  [Ixxviii],  614. 
Luzerne  County,  Pa.,  anthracite  coal,  699,  et  seq. ;  mining  district  in,  629. 
Lyell,  Charles,  Geological  Map  of  the  Eastern  United  States  [469],  470. 

Mackintosh,  J.  B.,  Remarks  on  phosphorus  in  iron,  452. 

Maclure,  William,  Geographical  Map  of  the  Eastern  United  States,  469. 

Magnesium  Carbonate  as  a  Xon-Conductor  of  Heat  (Luttgex)  [Ixxviii],  614. 

Mahopac  iron-mine,  Putnam  County,  N.  Y.  (magnetic)  [79],  80. 

Malachite  in  Arizona,  67. 

Maiden  salt-well.  111.,  natural  gas,  541. 

Maltby  coal-mine,  Maltby,  Pa.,  640. 

Mammoth  Cave,  Ky.,  540. 

^fanchester,  Onondaga  Lake,  X.  Y.,  natnral  gas,  524. 

Manganese  in  iron  and  steel,  104. 

Manganese  in  steel,  Colorimetric  iestimation  of,  102. 

Manganese  steel,  461. 

Mansfield,  Germany,  copper-mines,  75. 

Manufacturer's  Gas  Company,  Pittsburgh,  Pa.,  531,  532,  533. 

Maps,  geological,  of  the  L'nited  States,  465;  New  geological  map  of  Europe,  681. 

Marcou,  Jules,  Geological  maps  of  the  United  States  and  the  British  provinces, 

473,  475. 
Maricopa  County,  Arizona,  26,  60. 
Marion  County,  Tenn.,  coal,  210;  red  fossil-ores,  203. 
Marshall  County,  Ala.,  brown  ores  [181]. 
Marsh-gas,  Solubility  of,  5,  11. 

Mary  Pratt  furnace,  Birmingham  district,  Ala.,  736,  739,  757. 
Ma.eon  Science  College,  Birmingham,  Eng.,  326,  811. 

Massachusetts  Institute  of  Technology,  Boston,  318,  320,  323,330,  332,  336,  590, 
809,  814,  818. 
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Matilda  copper-mine,  Clifton  district,  Arizona,  36. 

Mattes,  W.  F.,  Rail-Sections  [Ixxviii],  776;  Remarks  on  gas-producers,  825. 

Maxbiirg  oil-field,  O.,  522. 

McCreath,  a.  S.,  and  d'Ikvilliers,  E.  V.,  Comparison  of  some  Southern  Cokes  and 
Iron-Ores  [Ixxviii],  734  ;  Remarks  on  cost  of  mining  in  Cripple  Creek  district, 
Va.,  755. 

McGee,  W.  J.,  Geological  map  of  the  United  States  [469],  484. 

McGill  University,  Montreal,  Can.,  321,  323. 

McGuigan  gas-well,  Washington  County,  Pa.,  518. 

McKean  County,  Pa.,  oil-rocks,  513,  519. 

McMinn  County,  Tenn.,  brown  ores  [178],  197. 

Measures  and  weights  in  Mexico,  122. 

Medical  schools  in  the  United  States,  337,  819. 

Meetings,  Proceedings  of,  Bethlehem,  Pa.,  May,  1886,  Ixi. ;  Scranton,  Pa.,  Febru- 
ary, 1887,  Ixxvii ;  St.  Louis,  Mo.,  October,  1886,  Ixx. 

Meigs  County,  Tenn.,  iron-ores,  187,  197,  202. 

Members,  Election  of,  Ixv,  Ixxi,  Ixxix. 

Metcalf  copper-mine,  Clifton  district,  Arizona,  35,  36,  39,  40  [49]. 

Metric  system  in  the  Republic  of  Mexico,  122. 

Mexican  copper-mines,  76. 

Mexican  Weights  and  Measures  (Chism)  [Ixv],  122,  588. 

Mexico  :  Mining  in  Oaxaca,  13  ;  silver  in,  542. 

Michigan,  University  of,  Ann  Arbor,  320,  321,  323,  332,  336,809,810,  814,  818,  819. 

Microscopic  Structure  of  Steel  Rails  (Garrison)  [Ixxviii],  761. 

Midland  furnace.  Mo.  [440],  443,  444,  445,  446,  447. 

Midvale  steel  works,  Phihwlelphia,  Pa.  [827]. 

Mills  coal-bed,  Kingston  Township,  Pa.  [641]. 

Mills,  James  E.,  Remarks  on  Midland  furnace,  447. 

Mine  gases  in  Wilkesbarre  collieries,  706. 

Mine-timber,  Formation  of  coal  from,  819. 

Mineral  wool,  622. 

Mineral-wool  pipe-covering,  618,  620,  624. 

Mining  Developments  on  the  Northwest  Pacific  Coast  and  their  Wider  Bearing  (Bowman) 
[Ixxviii],  707. 

Mining  Engineering  at  the  University  of  Illinois  (Comstock)  [Ixxiv],  589. 

Mining  in  Oaxaca  (Hooker)  [Ixiv],  13. 

Mining  schools  in  America,  309  ;  In  other  countries,  325. 

Mississippi  Glass  Co.,  St.  Louis,  Mo.,  Visit  to  [Ixxiv]. 

Missouri  University,  Rolla  school  of  mines,  321,  323,  331. 

Mitchell  County,  N.  C,  iron-ores,  190,  206. 

Modoc  copper-mine,  Clifton  district,  Arizona,  34,  41. 

Moffat,  E.  S.,  Note  on  the  Formation  of  Coal  from  Mine-Timber  [Ixxix],  819. 

Montgomery  County,  Tenn.,  (brown-ores),  208. 

Mono  County,  Cal.,  silver  [717]. 

Monroe  County,  N.  Y.,  natural  gas  [524]. 

Monroe  County,  Tenn.,  brown-ores  [178],  197. 

Monte  Diablo,  Cal,  coal,  709  [710]. 

Montevallo  coal-mines,  Cahawba  field,  Ala.,  194. 

Montezuma  copper-mine,  Clifton  district,  Arizona,  34. 

Morgan  County,  Tenn.,  coal,  210. 

Mun-to-san,  China,  semi-anthracite  coal.  111. 
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Murrnvsville  gns  district,  Pn^  7,  12,  518,  519,  532,  536,  538,  539. 
Musoonetcong  Imn  Works,  N.  J.,  678. 

Mvers,  Mr.  George  II.,  Address  of  Welcome  at   Bethlelicm,  Pa.,  Meeting,  May, 
1SS6  [Ixiii]. 

Nanaimo,  Vancouver's  Island,  coking  coal,  709.  , 

Naniicoke,  Luzerne  County,  Pa.,  mining  disaster,  629  [704]. 

Natural  gas,  Analyses  of,  b'29,  530,  531  ;  Anticlinal  theory  of,  3;  Average  range  in 

comjK>sition,  11  ;  Belt-line  theory  of,  6;  Its  use  in  a  lead  blast-furnace,  601 ; 

Theories  of  origin,  4. 
Natural  gas  in  the  United  States,  505. 
Needle  Mountains.  Col.,  262,  264. 

Newcastle  Kiln,  Glenboig  tire-brick  works,  Glasgow,  490,  498,  499,  500,  502,  504. 
^Vir  Chemical  Loboratonj  of  the  ^fissouri  School  of  Mines  (Wait)  [Ixiv],  21. 
.Vttf  Geological  Map  of  Europe  (Fkazer)  [Ixxvii],  681. 
New  York  copper-mine.  Globe  district,  Arizona,  61. 
New  York,  Natural  gas  in,  523. 
Niagara  coal-mine,  West  Pittston,  Pa.,  640. 
Niagara  County,  N.  Y.,  natural  ga.s,  524. 
Nisqually  River,  W.  T.,  anthracite  coal,  709. 
North  Carolina,  Iron-ores  in,  190. 
North  Chicago  furnace,  111.,  439,  440,  446. 

North  Chicago  Rolling  Mill  Company,  blast-furnace  records,  156,  157. 
Northern  anthracite  coal-field.  Pa.,  699. 

Xote  on  the  Formation  of  Coal  from  Mine-Timber  (Moffat)  [Ixxix],  819.  • 
Xote  on  the  Xew  Chemical  Laboratory  of  the  Missouri  School  of  Mines  (Wait)  [Ixiv], 

21. 
Xote  on  the  Xew  Geological  Map  of  Europe  (Frazer)  [Ixxvii],  681. 
Xote  on  the  Opening  of  a  Chilled  Hearth  with  the  Coal-Oil  Blowpipe  (Lee)  [Ixxi],  417. 
Xotes  on  Mining  in  Oaiaca  (Hooker)  [Ixiv],  13. 
Xotei  on  some  Chinese  Coals  (Randolph)  [Ixiii],  110. 
Xotes  on  the  General  Treatment  of  the  Southern  Gold-ores  and  Experiments  in  Matting 

Iron  Sulphides  (Spilsbcry)  [Ixxix],  767. 
Xotes  on  the  Geology  of  the  Tilly  Foster  Ore-body  (Ruttmann)  [Ixiv],  79. 
Xotes  on  the  Saving  of  Sulphur  and  Ammonia  from  Gas  (Adams)  [Ixxviii],  663. 
Xotes  on  the  Stamp  Mills  and  Chlorination  Works  of  the  Plymouth  Consolidated  Gold 

Mining  Company,  Amador  County,  Cal.  (Small)  [Ixiii],  305. 

Oakdale  furnace,  Emory  Gap,  Tenn.  [18-5,  743]. 

Oak  Harbor  gas- well,  O.  [522]. 

Oaxaca,  Mexico,  Mining  in,  13. 

Occidental  silver-mine.  Calico,  Cal.  [724]. 

Ohio  Iron  Company's  blast-furnace,  Zanesville,  Ohio,  152. 

Ohio,  Natural  gas  in,  521  ;  University  of,  321,  324,  331. 

Oil  City,  Pa.,  oil-wells,  513. 

Oil,  Belt-line  theory  of,  6,  8. 

Oil  Districts:  Pennsylvania:  Clarion-Butler,  7 ;  Murraysviile,  7,  12,  518,519,532, 

5.36,  538,  539 ;  Pittsburgh,  7,  9  ;  Venango,  8,  9  ;  Washington,  7. 
Oil-sands:  Pennsylvania:  Cooper,  519. 
Oil-wells:   Penrufylvania :    Bradford,  Dennis,    514;    Venango-Butler  group,    513; 

Washington  County,  Chartiers  township,  Canonsburg,  516,  518. 
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Old  Dominion  oopper-mine,  Globe  district,  Arizona,  60. 

Old  Telegraph  silver-mine,  Utah,  355. 

Omega  copper- mine,  Tucson,  Arizona,  74. 

Omenica,  British  Columbia,  gold  [714]. 

Oneida  Connty,  N.  Y.,  natural  gas,  524. 

Ontario  County,  N.  Y.,  natural  gas  [524]. 

Ooltewah  iron- mine,  Chattanooga  district,  Tenn.,  759. 

Open-cavity  theory  of  ore-deposition,  128. 

Opening  a  Chilled  Hearth  ivith  the  Coal-Oil  Blowpipe  (Lee)  [Ixxi],  417. 

Ore-deposits,  certain.  Genesis  of,  125. 

Orford  Copper  Company,  60. 

Ormsby  furnace,  Cleveland  district,  Eng.  [440],  441,  442. 

Oro  Grande  silver-mill,  Daggett,  Cal.,  731. 

Otis  Steel  Works,  Cleveland,  O.,  341,  347. 

Owens  College  (Victoria  University),  Manchester,  Eng.,  326,  811. 

Oxmoor  furnace,  Birmingham  district,  Ala.,  736. 

Pacific  coast.  Northwestern,  mining  developments,  707. 

Palieozoic  system  in  New  York,  Pennsylvania,  and  Ohio,  510,  511. 

Pardee,  I.  P.,  Roastiyig-Kiln  at  the  Musconelcong  Iron  Works  [Ixxix],  678. 

Paris,  France,  Ecole  des  Mines,  328,  334,  339. 

Parreiia  silver-mine,  Sierra  Mojada,  State  of  Coahuila,  Mexico,  552  [553]. 

Parrott  City,  Cul.,  gold  placers,  248. 

Penoles  gold  mines,  Department  del  Centro,  Mexico,  17. 

Pennsylvania:  coke  in,  212;  natural  gas  in,  515. 

Pennsylvania  Gas  Company,  Pittsburgh,  Pa.,  531,  532,  533. 

Pennsylvania,  University  of,  Philadelphia,  320,  321,  324,  331,  332,  336,  809,  811, 

814,  818,  819. 
People's  Gas  Company,  Pittsburgh,  Pa.,  531,  532,  533. 
Peras  gold-mines.  Department  del  Centro,  Mexico,  17. 
Perry  County,  Ind.,  natural  gas,  526. 
Perry  County,  Tenn.,  brown  ores,  208. 
Petroleum,  Belt-line  theory  of,  6,  8. 
Pettibone  coal-mine,  Kingston,  Pa.,  640. 
Philadelphia  Gas  Company,  Pittsburgh,  Pa.,  531-539. 
Philips  gas-producer,  827,  829,  830. 
Phoenix  Iron  Company,  Phcenixville,  Pa.,  828. 
Phosphorus,  determination  of,  93. 
Phosphorus  in  iron,  448  ;  in  steel,  450. 
Photo-mechanical  engraving,  Ives  process  of,  266. 
Pig-iron  :  Analyses  of,  458,  459  ;  Titanium  carbide  in,  455. 
Pilot  Knob,  Mo.,  excursion  to  [IxxivJ. 
Pine  Lake  furnace,  Michigan,  records,  155. 
Pine  Run,  Westmoreland  County,  Pa.,  natural  gas,  518. 
Pitt  River,  Shasta  County,  Cal.,  coal  [710]. 
Pittsburgh  gas  district.  Pa.,  7,  9,  518. 
Pittsburgh  Steel  Casting  Co.,  347,  348,  352. 
Plants,  Indicative,  644. 

Plattner  chlorination-process  for  gold-ores,  772. 

Playas  silver-mine,  Sierra  Mojada,  State  of  Coahuila,  Mexico  [553]  [561]. 
Plymouth  Consolidated  Gold-Mining  Company,  Amador  County,  Cal.,  305  [769]. 
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Pocahontas  coal-led,  Fl:it-Top,  Southwest  Va.,  751. 

Polk  Comity,  Ga..  brown  ores,  lTi>,  ISO.  191,  193. 

Polk  County,  Tenn.,  brown  ores  [ITS]. 

Porter,  John  B.,  The  Iron  0ns  and  Coals  of  Alabama,  Georgia,  and  Tenneaage, 

[Ixiv],  170. 
Pot-holes,  Formation  of,  (i3(5. 
Potter,  Prof.  W.  B.,  Remarks  on  recent  developments  at  Iron  Moinitain,  Mo. 

[Ixxiv]  ;  on  indicative  plants,  CGO. 
Pratt  coal-mines,  Birmingham,  Ala.,  194,  740,  741. 
Prescott,  Arizona,  copper,  73. 
Proceeilings :  Bethlehem,  Pa.,  meeting,  May,  1886,  Ixi.;  Scranton,   Pa.,  meeting, 

February,  1S87,  Ixxvii. ;  St.  Lonis,  Mo.,  meeting,  October,  1SS6,  Ixx. 
Propylite  in  San  Juan  district,  Col.,  232. 
Prospect  colliery.  Luzerne  County,  Pa.,  (140,  704. 
Puget  Sound  coal-  and  iron-deposits,  709. 
Pulaski  County,  Ky.,  coal,  210. 
Putnam  County,  X.  Y.,  magnetic  iron,  79. 
Puyallup  River,  "\V.  T.,  coking  coal,  709. 
Pzribram,  Austria,  mining  school,  320,  326,  334,  SIO,  816. 

Queen  Charlotte  Island,  British  Columbia,  anthracite,  709. 
Queen  copper-mines,  Clifton  district,  Arizona,  36,  40  [49]. 

Rabbit  Mountain,  Lake  Superior,  silver-ores,  671. 

Rail-.'seciions,  776;  necessity  of  accurate  templates,  797 ;  necessity  of  more  metal 
in  the  rail,  799;  Sandberg's  sections,  781,  796,  806. 

Rail-Sections  (Mattes)  [Ixxviii],  776. 

Raxdolph,  J.  C.  F.,  Notes  on  Some  Chinese  Coals  [Ixiii],  110. 

Rapid  Method  for  the  Determination  of  Phosphorus  in  Iron,  Steel  and  Ores  (Emmer- 
TON-)  [Ixv],  93. 

Raymoxd,  B.-'W.,  Biographical  Notice  of  Martin  B.  Coryell  [Ixxvii],  599  ;  Indicative 
Plants  [Ixx],  644;  Lode-Locations — o  Diacussion  of  Recent  Decisions  of  the  Su- 
preme Court  under  the  United  States  Mining  Law  [Ixiv],  272;  The  Ives  Pholo- 
Engraving  Process  and  its  Usefulness  to  Engineers  [Ixiv],  266. 

Red  Asii  coal-bed,  Luzerne  County,  Wilkes-barre,  Pa.  [703]. 

Red  Cloud  silver-mine.  Calico,  Cal.,  722. 

Redding  iron-mines,  Birmingham  district,  Ala.,  737,  740. 

Red  Jacket  silver-mine,  Calico,  Cal.,  722. 

Red  Mountain  district,  Col.,  252,  254,  259,  264. 

Reed's  pipe-covering,  619,  620,  624. 

Regenerative  gas-kiln,  continuous,  for  burning  6re-brick,  pottery,  etc ,  488. 

Relief  bore- hole,  Nanticoke,  Pa.  [643]. 

Replacement-theory  of  ore-deposition,  132,  133. 

RejMsrt  of  council,  Ixxxi. 

Rhea  County,  Tenn.,  coal,  210;  iron-ores,  197,  202. 

Rhyolite  in  San  Juan  district,  Col.,  236,  245. 

RicnARi>«,  Prof.  R.  II.,  American  Mining  Schools,  Presidential  address  at  Beth- 
lehem, Pa.,  meeting.  May,  1886  [Ixiii],  309;  Supplement,  809. 

Rico  district,  Col.  [247],  248,  264. 

Ridge  coal-mines,  Lackawanna  County,  Pa.,  634. 

Ridgway,  Pa.,  oil-well,  514. 
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Rising  Fawn  furnace,  Chattanooga,  Tenn.,  757  ;  iron-mine,  759. 

Rising  Fawn,  Ga.,  furnaces  [185]. 

Rittenhouse  Gap,  Pa.,  Excursion  to  [Ixviii], 

"River  ores,"  187. 

Roan  County,  Tenn.,  coal,  210  ;  iron-ores,  187,  197,  202;  limestone,  213. 

Roane  Iron  Company,  Rockwood,  Tenn.,  193,  758. 

Roane  Mountain,  N.  C,  titaniferous  ore  [191]. 

Roaring  Brook,  Scranton,  Pa.,  anthracite  coal,  819. 

Roasting- Kiln  at  the  Musconetcong  Iron  Works  (Pardee),  [Ixxix],  678. 

Rock  coal-bed,  Scranton,  Lackawanna  County,  Pa.  [703]. 

Rock-gas,  505. 

Rockwood,  Tenn.,  coal-mines,  193;  furnaces  [178],  185,  190  [742],  743;  iron- 
mines,  759. 

Rogers,  H.  D.,  geological  map  of  the  United  States  [469],  476. 

Romero  copper-mine,  Santa  Rita,  New  Mexico,  27. 

Rosario  Hacienda,  Department  of  Ejutla,  Mexico  [18]. 

Ross  coal-bed,  Nanticoke,  Luzerne  County,  Pa.,  629  [703]. 

Roy  and  Archer  gas-well.  Elk  County,  Pa.j  514,  519. 

Runover  silver  mine.  Calico,  Cal.  [724]. 

Russell's  Improved  Process  for  Lixiviating  Silver-  Ores  in  its  Practical  Application  (Stete- 
FELDT)  [lxxiv],355. 

Rttttmann,  Ferdinand  S.,  Notes  on  the  Oeology  of  the  Tilly  Foster  Ore-body  [Ixiv], 
79. 

Salem  coal-basin.  Pa.  [700]. 

San  Bernardino  County,  Cal.,  silver,  717. 

Sandberg,  C.  P.,  Remarks  on  rail-sections,  798. 

San  Juan  area.  Col.,  218,  251,  265. 

San  Pedro  coke,  San  Anton,  New  Mexico,  66. 

San  Salvador  silver-mine.  Sierra  Mojada,  State  of  Coahuila,  Mexico  [553],  561. 

Santa  Rita  copper-mines,  New  Mexico,  25,  27. 

Saving  of  Sulphur  and  Ammonia  from  Gas  (Adams)  [Ixxviii],  663. 

Scaffolds  in  blast-furnaces,  151,  161. 

Schooley  coal-mine.  West  Pittston,  Pa.,  640. 

Schools,  Law,  in  the  United  States,  337,  818. 

Schools,  Technical,  in  United  States,  309,  809;  in  other  countries,  325,  810. 

Scott  County,  Tenn.,  coal,  210. 

Scranton,  Pa.,  anthracite  coal,  699. 

Scranton,  Pa.,  meeting,  February,  1877,  Proceedings,  Ixxvii. 

Scranton,  Pa.,  peat-bogs  [703]. 

Secretary's  and  Treasurer's  statements  of  finances,  Ixxxii. 

Sectional  Hanging-pipe  Hot-blast  Oven  (VVendt)  [Ixv],  78. 

Sectional  Slag-  and  Matte-pot  (Terhune)  [Ixv],  92. 

See-mah-poo,  China,  serai-anthracite  coal.  111. 

Seqnatchee  Valley,  coal,  193,  194;  iron-ores,  187. 

Sevier  County,  Tenn.,  brown  ores  [178]. 

Sewell,  West  Virginia,  coal  mines  [169]. 

Sewanee  Coal-seam,  Cumberland  coal-field,  Tenn.,  744,  746. 

Shaw  Botanical  Garden,  St.  Louis,  Mo.,  Visit  to  [Ixxiv]. 

SheflSeld  gas-pool,  Warren  and  McKean  Counties,  Pa.,  519. 

Sheffield  Scientific  School,  New  Haven,  Conn.,  321. 
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Shelby  County,  Ala..  ct\nl.  211 ;  iron-ores  [181],  1S3,  191,  200,  209;  limestone,  213. 

Shelby  County,  O.,  natural  iras  [o22]. 

Shimer,  Porter  W.,  Ji<.i»«itim  ihrbuir  in  Pig-iron  [Ixxi],  455. 

Shoemaker  In^re-hole,  Wyoming,  Pa.,  640. 

Siderite.  Analyses  of,  209. 

Siemens  pas-producer,  S30. 

Sierra  Mojada,  Mexico  (Chism\  [Ixxiv],  542. 

Sierra  Planchada,  Mexico,  544  d  seq. 

Silver  Bear  copper-mine,  Bisbee  District,  Arizona,  57. 

Silver  City  cop^Kr-mines,  Burro  Mountains,  New  Mexico,  74. 

Silver  in  a  sample  of  litharge,  4t>.S. 

Silver  Islet,  Lake  Superior,  (573,  674,  677. 

Silver  King  silver-mine.  Calico,  Cal.,  722,  723. 

Silver-mills:  California:  Calico;  Barber,  Garfield,  Daggett,  Oro  Grande,  731. 

Silver  Mines  of  Calico,  California  (Lixdgren)  [Ixxix],  717. 

Silver-mines:  California:  Calico,  Aliuimbra  [724]  ;  Bismarck,  723;  Blackfoot,  726; 
Boss  [724];  Burning  Moscow,  722;  Comet  [724],  726;  Garfield,  724,  731, 
732;  Gobbler  [724]  ;  Humbug  [723],  724  ;  King,  721,  731  ;  Occidental  [724]  ; 
Red  Cloud,  722 ;  Runover  [724]  ;  Silver  King,  722,  723;  Silver  Monument, 
723 ;  Thunderer  [724]  ;  Total  Wreck,  727  ;  Waterloo,  728,  731 ;  Waterman, 
728;  Graj>evine  district,  Red  Jacket,  722  ;  Colorado:  Red  Mountain  district, 
American  Belie,  261 ;  Congress,  261  ;  Grand  Prize,  261  ;  Guston,  261  ;  Yankee 
Girl,  261  :  Michic/an  :  Lake  Superior,  Thunder  Bay,  Port  Arthur,  Duncan,  671 ; 
Utah:  Old  Telegraph,  355.  Other  Couxtuiks:  Mexico:  State  of  Coahuila, 
Sierra  Mojada,  Dolores  [553]  ;  Ii^raeralda,  552  [553]  ;  Jesus  Maria  [553]  ; 
Parrefia,  552  [553]  ;  Playas  [553],  [561]  ;  San  Salvador  [553],  561 ;  Volcan 
[553]. 

Silver  Monument  silver-mine,  Calico,  Cal.,  723. 

Silver  Mountain,  Lake  Superior,  silver-ore,  671. 

Silver-ores:  Dry  and  wet  concentration,  355  ;  in  Mexico,  542;  lixiviation  by  Rus- 
sell's improved  process,  355. 

Silver-plant,  65.5. 

Silver,  prcKluction  of,  in  California,  717. 

Skagit  River,  W.  T.,  coking  coal,  709. 

Slag,  Analyses  of,  59,  64,  72,  612. 

Slag-  and  Matte-Pot,  Sectional  (Terhune)  [Ixv],  92. 

Slag,  Removal  of,  from  blai>t-furnace,  685. 

Sloss  Furnace  Company,  Birmingham,  Ala.,  iron-ore,  189,  736,  739. 

Small,  George  W.,  Notes  on  the  Stamp-mills  and  Ckhrination  Wor/csof  the  Plymouth 
G/nsolidaUd  Gold  Mining  Company,  Amador  County,  Cal.  [Ixiii],  305. 

Smelting  works,  Arizona:  Black  Range  District,  Verde,  72,  73;  Colorado:  Denver, 
Grant  [52]. 

Smethport  gas-sand.  Pa.,  519. 

Smythe  County,  Va.,  bituminous  coal,  121. 

Snake  Creek  Gap  iron-mines,  Gordon  County,  Georgia  (limonite),  179. 

Soddy,  Tenn.,  iron -ore,  186. 

Solution-theory  of  ore  deposition,  127. 

&me  Chinese  Coals  (Randolph)  [Ixiii],  110. 

Sonora,  Mexico,  copper-ores,  76. 

South  Africa,  diamond  fields  of,  392. 

South  Pittsburgh,  Tenn.,  furnaces  [742]  ;  iron-ore,  187. 
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Specific  Gravity  of  Low- Carbon  Steel  (Gakrison)  [Ixv],  90. 

Spil?bury,  E;  Gybbon,  Experiments  in  Matting  Iron  Sulphides  [Ixxix],  767. 

Stamp-Mills  and  Chloriaation  Works  of  the  Plymouth  Consolidated  Gold  Mining  Com- 
pany, Amador  County,  Cal.  (Small)  [Ixiii],  305. 

Standard  Diamond  Mining  Company,  South  Africa  [397]. 

Stanton  coal-mine,  Wilkes- Barre,  Pa  ,  706. 

St.  Augustine  diamond-mine,  Griqualand  West,  Cape  Colony,  South  Africa,  392, 
395. 

St.  Clair  County,  Ala.,  coal,  212;  iron-ores  [181, 183],  188,  201,  204 ;  siderite.  209. 

Steam  pipes,  Various  coverings  for,  618. 

Steel:  Analyses  of,  461;  colorimetric  estimation  of  manganese  in  steel,  102;  esti- 
mation of  manganese  by  the  color-method,  104  ;  phosphorus  in,  45'J ;  specific 
gravity  of  low-carbon  steel,  90. 

Steel  rails  :  Manufacture  of  rails,  776 ;  microscopic  structure,  761 ;  Sanlberg's 
sections,  781,  796,  806  ;  tests  of  rails,  780;  wear  of  rails,  785;  width  of  head, 
787,  800, 

Steel-works  (see  also  Bessemer  steel-works) :  Ohio,  Cleveland,  Otis,  347  ;  Penn- 
sylvania, Chester,  347,  353;  Piiiladelphia,  Midvale  [827]. 

Stetefeldt,  C.  a.,  Pussell's  Improved  Process  for  Lixiviating  Silver- Ores,  in  its  Prac- 
tical Application  [Ixxiv],  355. 

Steuben  County,  N.  Y.,  natural  gas  [524]. 

Stewart  Eiver,  British  Columbia,  gold  [714]. 

St.  Joseph  Lead  Co.,  Mo.  [Ixxiv]. 

St.  Louis,  Mo,,  Meeting,  October,  1886,  Proceedings  of,  Ixx. 

St.  Louis  Museum  of  Fine  Arts,  Reception  at  [Ixx]. 

St.  Louis  Smelting  and  Refining  Works,  Mo.,  Visit  to  [ixxiv]. 

St.  Martin  hacienda,  Department  of  Ejutla,  Mexico  [18]. 

Stock  Creek  iron-mine,  Clinch  River,  Tenn.,  117. 

Stock-distribution  in  blast  furnaces,  150. 

Stockholm,  Sweden,  mining  school,  320,  329,  334,  810,  812,  816. 

Substitution-theory  of  ore-deposition,  132,  133. 

Sullivan  County,  Tennessee,  brown  ores  [178]. 

Sulphide  of  iron.  Analysis  of,  110. 

Sulphur  and  Ammonia  recovered  from  gas,  663. 

Sulphuric  acid,  Manufacture  of,  381. 

Summit  district.  Col.  [247],  249,  264. 

Surface-water  theory  of  the  formation  of  caves,  129-131. 

Susquehanna  Coal  Co.,  Pa.,  629. 

Susquehanna  County,  Pa.,  coal  [700]. 

Table  Mountain,  Butte  County,  Cal.,  placer  deposits,  716. 

Talladega  County,  Ala.,  iron-ores  [181],  182,  200,  207;  limestone,  213. 

Tarentum,  Pa.,  natural  gas,  518,  532,  536,  538,  539. 

Tayloe,  W.  J.,  A  Water-Cooled  Gas-Producer  [Ixxviii],  822. 

Technical  Schools:  In  the  United  States,  309,  809;  In  other  countries,  325,  810; 

University  of  Illinois,  5S9. 
Tecumseh,  Ala.,  furnace  [180],  181. 
Tennessee  Coal  and  Iron  Company,  740. 
Tennessee  :  Copper-ores,  191 ;  Iron-ore.s,  184. 
Tennessee  River  iron-mines,  Chattanooga  district,  Tenn.,  759,  760. 
Teojomulco  mining  district,  Mexico,  19. 
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Tkkuink,  KuHAun  11.,  .1  .\itioual Slap-  ami  MtilU-Fot  [Ixv],  92. 

Ternioe  jieritnl  in  Sou tli western  Colorailo,  240. 

7Vj«/.<  of  ^ftlntfant•;i(  SUfl  (Wekks)  [Ixxiv],  461. 

Tests  of  ."Steel  rails,  7S0. 

Tliackrav,  George  K..  Remarks  on  iinifonuity  in  opon-liearth  steel,  351. 

Thermal  springs  a  oan.-ie  of  mineral  tleposits,  720. 

Thomas,  David  II.,  Remarks  on  ilirt-tmubles  in  fmnaees  of  the  Thomas  \ron  Com- 

jKiny,  Pa.,  llio. 
Timmas  Imn  Company,  Hokendanqna,  I'a.  [l.wiii],  105,  (525;  its  iron-mines,  Kit- 

tenhouse  tJap,  Pa.  [Ixviii]. 
Tluirn  Creek,  Pa.,  natural  gas,  517. 
Thunderer  silver-mine,  Calieo,  Cal.  [721]. 
Tien  Tsin,  China,  eoal-mines  [114]. 

Tilly  Foster  iron-mine,  Putnam  County,  N.  Y.  (magnetic),  79. 
TiltiiKj-LoilU-  Car/or  Molttii  Metal  or  Slaij  (Hikkinuink)  [Ixxviii],  685. 
Titanium  Carbide  in  Piy-Iron  (SiiiMKu)  [Ixxi],  445. 
TlaiH>lula,  Department  of,  Me.xiiiv,  15,  18. 
Tombstone  Mill  and  Mining  Company,  .\rizona,  601. 
Total  Wreck  silver-mine,  Calico,  Cal.,  727. 
Trachyte  in  San  Juan  ilistrict.  Col.,  234,  245. 
Tre:isurer's  and  Secretary's  statements  of  finances,  Ixxxii. 
Trinidatl,  Colorado,  coke,  i^6. 
Tripi>  Farm  bore-hole,  Lu7.erne  Coimty,  Pa.,  640. 
Tse-lung-chung,  China,  semi-autliracite  coal,  112. 
Tsung-ho,  China,  bituminous  coal,  113. 

Tnse:ilo<)sa  County,  Ala.,  coal,  211 ;  iron-ores  [181],  183,  201,  205. 
Ttco  Comlitiotis  of  Phosphorus  in  Iron  (Cheever)  [Ixxiv],  448. 

Underground  waters,  Direction  of  flow  of,  137. 

I'nicoi  County,  Tenn.,  brown  ores  [17S]. 

Uniformity  in  the  Bessemer  process,  340. 

Unitetl  Mexican  Mining  Company,  19. 

Use  of  Natural  Citis  in  a  Tjeud  Blast  Furnace  (Hlake)  [Ixxi),  061. 

Vaal  river,  South  Africa,  diamond-diggings,  394,  410. 
Valley  Head,  DeKalb  County,  Ala.,  iron-ore,  188. 
Vancouver's  Island,  coking  coal,  709. 
Vanderbilt  University,  Nashville.  Tenn.,  321. 
Van  Rensselaer  Polytechnic  School,  Troy,  N.  Y.,  321. 
Vein-structure  in  Southwestern  Colorado,  218. 
Vein-structure  in  stratified  limestone,  32. 
Venango  oil-district,  Pa.,  8,  9,  513. 
Venle  copper-district,  Arizona,  32,  72. 

Vermont,  Stsite  Agricultural  College,  321 ;  University  of,  321. 
Vernon  ga.s-well,  Oneida  County,  N.  Y.,  523. 
\'ictoria  University,  Owens  College,  Manchester,  Eng.,  320,811. 
\'illa  Alta,  Department  of,  Mexico,  15. 

Virginia:  Agricultural  and  Mechanical  College  at  IJlacksburg,  321  ;  coke,  212. 
Volcanic  rocks  in  San  Juan  district,  Col.,  232. 

Volcan  silver-mine.  Sierra  Mojiula,  State  of  Coahuila,  Mexico  [553]. 
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Vulcan  furnace,  Micliigan,  records,  155. 
Vnlcnn  Steel  Works,  St.  Louis,  Mo..  347. 

Wait,  Prof.  C.  E.,  Note  on  the  Neiv   Chemical  Luborcdnry  of  the  Missouri  School  of 

Mines  [Ixiv],  21  ;   The  Condition  of  Silver  in  a  Smnpleof  Litharye  [Ixxiv],  4G3. 
Walden's  Ridge,  Tenn.,  coal,  185,  18G,  19.3,  748,  744. 
Walker  County,  Ala.,  clay-iron-stone,  209. 
Walker  County,  Ga.,  iron-ores,  187,  203. 
Wallen's  ridge  coal-field,  Tenn.,  185,  186,  193,  743,  744. 
Walsh,  Edward,  Irregularities  of  the  Blast-Furnnce  Proces!),  and  a.  Practical  Way  to 

Avoid  Them  [Ixx],  419. 
Warner  furnace,  Tenn.,  192. 

Warren  mining-district,  Cochise  County,  Southern  Arizona  [26],  52,  el  seq. 
Warren  oil-group,  Pa,  518. 
Warrior  coal-field,  Ala.  [19.3],  194,  211  [737]. 
Warwick  furnace,  Pottstown,   Pa.,  390  [440],  441,  443,  446;  "Dirt-troubles,"  148, 

149. 
Washington  County,  Pa.,  natural  gas,  7,  516,  517. 
Washington  County,  Tenn.,  brown  ores  [178]. 
Washington  Gas  Company,  Pittsburgh,  Pa.,  531,  532,  533. 
Washington  University,  St.  Louis,  Mo.,  320,  321,  331,  332,  836,  809,  814,  818. 
Water-cooled  Gas-Producer  (Taylor),  822. 
Waterloo  silver-mine,  Calico,  Cal.,  728,  731. 
Waterman  silver-mine.  Grapevine  district,  California,  728. 
Wax  process  of  photo-mechanical  engraving,  269. 
Wayne  County,  N.  Y.,  natural  gas  [524]. 
Wayne  County,  Pa.,  coal  [700]. 

Weeks,  Joseph  D.,  Tests  of  Manganese  Steel  [Ixxiv],  461. 
Weights  and  measures  in  Mexico,  122. 
Weinjer  Machine  Works,  Lebanon,  Pa.,  689. 
Wendt,  Arthur  F.,  A  Sectional  Hanging-Pipe  Hot-Blast    Oven   [lxv],7S;    The 

Copper-Ores  of  the  Southwest  [Ixiv],  25. 
Westmoreland  County,  Pa.,  natural  gas,  518. 
West  Virginia,  natural  gas,  526. 
Whitfield  County,  Ga.,  brown  ores  [179]. 
Whitney,  St.  Clair  County,  Ala.,  iron-ore,  188. 
Wilcox  gas-well,  Pennsylvania,  514. 
Wilkes,  John,  Remarks  on  indicative  plants,  660. 
Wilkes-Barre,  Luzerne  County,  Pa.,  anthracite,  699. 
Williams  Creek,  Cariboo  gold  district,  British  Columbia  [714]. 
Williams,  Gardner  F.,  The  Diamond  Mines  of  South  Africa  [Ixxi],  892. 
Williamson  furnace,  Birmingham  district,  Ala.,  736,  739,  741,  742. 
Will's  Valley,  Ala.,  iron-ore,  188. 
Wind  Gap,  Lehigh  County,  Pa.,  Visit  to  [Ixviii]. 
Winston  County,  Ala.,  clay-iron-stone,  209. 

Wisconsin,  University  of,  320,  821,  324,  332,  386,  809,  811,  814,  818. 
Wood  County,  Ohio,  natural  gas  [522]. 
Woodstock  Furnace,  Calhoun  Co.,  Ala.,  182. 
Woodward  Coal  and  Iron  Company,  Ala.,  740. 
Woodward  Farm  bore-hole,  Kingston,  Pa.,  640. 
Woodward  furnace,  Birmingham  district,  Ala.,  786,  789,  742;  Iron-mines,  738. 
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Wix)!,  Minenil.  C.J2. 

Woo-slien-tmitr.  tliina.  somi-antlnaoilo  ooal,  HI. 

Wrbiia  fnrnaiv,  Styria  [440],  44o,  440. 

^Vvan^^ot^e  oavo,  Imliana,  540. 

Wvoming  biirie<l  valley,  lUO  [70o],  705. 

Wyoming;  iMlliery,  Kingston  Townsliip,  Pa  ,  040. 

Wyoming  Valley,  Pa.,  Mineral  woallii  of,  Oi>0. 

Yale  Law  School,  New  Haven,  Conn.,  337,  SIS. 
Yankee  o<n>|^>er-niine,  Clifton  District,  Arizona,  34. 
Y'ankee  Girl  silver-mine,  Kcd  Mountain  district,  Col.,  201. 
Yates  Connty,  N.  Y'.,  natnral  gas  [524]. 
Y'avajwi  Comity,  Northern  Arizona,  copper,  2t),  OS. 
Y'orkshire  College,  Leeds,  England,  320. 

Zinc-mines:  PennsylraiiM,  Friedensville  [Ixviii]. 

Zinc-violet,  647. 

Zoetro|>e,  New  application  of  [Ixiv]. 
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